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lETROmCTIOE

The s c i e n c e  o f  M a g n e t i s m  h a s  d e v e l o p e d  f r o m  t h e

o b s e r v a t i o n ,  many c e n t u r i e s  a g o ,  t h a t  l o a d s t o n e  a t t r a c t e d

i r o n ,  a n d  u n t i l  1 7 7 8  w hen  B ru g m a n s ^  n o t i c e d  t h a t  B i s m u t h

w as  r e p e l l e d  b y  a  m a g n e t ,  t h e  m e t a l s  o f  t h e  I r o n  g r o u p

w e r e  c o n s i d e r e d  t o  b e  t h e  o n l y  o n e s  p o s s e s s i n g  m a g n e t i c
2

p r o p e r t i e s .  B e c q . u e r e l  , i n  1 8 2 7 ,  o b s e r v e d  a  s i m i l a r
3

a c t i o n  w i t h  A n t i m o n y ,  a n d  i n  l 8 4 ^ ,  F a r a d a y  s h o w e d  t h a t  

a  s u f f i c i e n t l y  s t r o n g  m a g n e t i c  f i e l d  h a s  a n  a c t i o n  o n  

p r a c t i c a l l y  e v e r y  s u b s t a n c e .

He d i v i d e d  s u b s t a n c e s  i n t o  two c l a s s e s ,  a c c o r d i n g  

t o  t h e  p o s i t i o n  t h e y  t o o k  u p  w hen  s u s p e n d e d  i n  a  m a g n e t i c  

f i e l d .

( 1 )  P a r a m a g n e t i c  -  T h o se  w h i c h  t e n d  t o  come t o  r e s t

w i t h  t h e i r  a x e s  p a r a l l e l  t o  t h e  

f i e l d .

( 2 )  D i a m a g n e t i c  -  T h o se  w h i c h  come t o  r e s t  w i t h  t h e i r

a x e s  a t  r i g h t  a n g l e s  t o  t h e  d i r e c t i o n

o f  t h e  l i n e s  o f  f o r c e  i n  f i e l d .

L a t e r ,  t h i s  d i v i s i o n  was m o d i f i e d  a c c o r d i n g  t o  t h e
#

m a n n e r  i n  w h i c h  t h e  s u b s t a n c e s  a f f e c t  t h e  l i n e s  o f  f o r c e  

o f  t h e  m a g n e t i c  f i e l d .
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1 .  ( a )  L i n e s  o f  f o r c e  c o n c e n t r a t e d  t o  a  l a r g e  e x t e n t  -

f e r r o m a g n e t i c .

( b )  L i n e s  o f  f o r c e  c o n c e n t r a t e d  t o  a  v e r y  s m a l l  e x t e n t  -

p a r a m a g n e t i c .

2 .  L i n e s  o f  f o r c e  s l i g h t l y  d i s p e r s e d  -  d i a m a g n e t i c .

Members o f  c l a s s  1 . a r e  F e ,  Co, H i ,  a n d  c e r t a i n  o f  

t h e i r  a l l o y s  a n d  com pounds .  A l l  o t h e r  s u b s t a n c e s  b e l o n g  

t o  e i t h e r  c l a s s  2 . o r  c l a s s  3 .

When a  b o d y  i s  p l a c e d  i n  a  m a g n e t i c  f i e l d  i t  e i t h e r  

c o n c e n t r a t e s  o r  d i s p e r s e s  t h e  l i n e s  o f  m a g n e t i c  f o r c e .

The I n t e n s i t y  o f  M a g n e t i s a t i o n  i s  p r o p o r t i o n a l  t o  t h e  

s t r e n g t h  o f  t h e  f i e l d .

I  = KH

w h e r e

I  i s  t h e  I n t e n s i t y  o f  m a g n e t i s a t i o n  p e r  c c .

H i s  t h e  f i e l d  s t r e n g t h  o r  f o r c e  p e r  u n i t  p o l e .

K i s  t h e  m a g n e t i c  s u s c e p t i b i l i t y  o r  c o e f f i c i e n t  o f
m a g n e t i s a t i o n .

• F  :. . K = g
i . e .  t h e  r a t i o  o f  t h e  m a g n e t i c  moment p e r  c c .  a t  a n y  

p o i n t  w i t h i n  t h e  b o d y  t o  t h e  f i e l d  H ( p r o v i d e d  t h a t  t h e  

b o d y  i s  o f  s u c h  d i m e n s i o n s  t h a t  t h e  i n t e n s i t y  may b e  

r e g a r d e d  a s  u n i f o r m .

The f u n d a m e n t a l  c h a r a c t e r i s t i c s  o f  d i a  a n d  p a ra m a g n e t f e m  

w e r e  l a t e r  e s t a b l i s h e d  by  P .  C u r i e f
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By p l o t t i n g  a t o m i c  w e i g h t s  a s  a b s c i s s a e  a n d  a t o m i c  

v o l u m e s  a s  o r d i n a t e s ,  a  c u r v e  w i t h  w e l l  d e f i n e d  maxima 

a n d  m in im a  i s  o b t a i n e d ,  a n d  S t e f a n  M e y e r  show ed  t h a t  

p a r a m a g n e t i c  s u b s t a n c e s  f a l l  o n  t h e  d e s c e n d i n g  a n d  

d i a m a g n e t i c  o n  t h e  a s c e n d i n g  b r a n c h e s  o f  t h e  c u r v e .

B e c q . u e r e l ^  T y n d a l l ,  R e i c h ^  a n d  o t h e r s  showed t h a t  

K i s  i n d e p e n d e n t  o f  t h e  f i e l d  H. T h i s  was s u p p o r t e d  l a t e r
7 8 Q

by  W iedemann,  E t t i n g h a u s e n ,  C u r i e ,  S t e f a n  M eyer^^  a n d  o t h e r s ,  

b u t  i t  i s  n o t  t r u e  o f  t h e  f e r r o m a g n e t i c  m e t a l s .

O t h e r  i n v e s t i g a t i o n s  f o u n d  a  r e l a t i o n  b e t w e e n  K a n d  H 

i n  some c a s e s .  H onda}^  f o r  e x a m p le ,  d i d  so  i n  h i s  s t u d y  

o f  f o r t y - t h r e e  o f  t h e  e l e m e n t s .  T h i s ,  h o w e v e r ,  was shovm  

t o  b e  due  t o  t r a c e s  o f  i r o n  i n  t h e  s p e c i m e n s ,  a n d  f o r  

i r o n - f r e e  s p e c i m e n s  K was p r o v e d  i n d e p e n d e n t  o f  H.

The r e l a t i o n  b e t w e e n  m a g n e t i c  s u s c e p t i b i l i t y  a n d
1 2  1 %t e m p e r a t u r e  was s t u d i e d  by F a r a d a y ,  P l t l c k e r  a n d  o t h e r s  

who sh o w ed  t h a t  a s  t h e  t e m p e r a t u r e  i n c r e a s e s  b o t h  p a r a  

a n d  d i a m a g n e t i s m  d e c r e a s e .

W iedem ann^^  i n  t h e  c a s e  o f  I r o n ,  C o b a l t  a n d  M a n g a n e se

f o u n d  t h a t  K v a r i e s  i n v e r s e l y  a s  t h e  a b s o l u t e  t e m p e r a t u r e .
1 5I n  1 89 3  C u r i e  e s t a b l i s h e d  t h e  l a w  now known by  h i s  

name,  w h i c h  s t a t e d  t h a t  w i t h  t h e  e x c e p t i o n  o f  A n t im o n y  a n d  

B i s m u t h ,  K i s  i n d e p e n d e n t  o f  t e m p e r a t u r e  f o r  d i a m a g n e t i c  

b o d i e s ,  w h i l e  f o r  p a r a m a g n e t i c  b o d i e s ,  K v a r i e s  i n v e r s e l y  

a s  t h e  a b s o l u t e  t e m p e r a t u r e .  He a l s o  show ed  t h a t  a t
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h i g h  t e m p e r a t u r e s  f e r r o m a g n e t i c  s u b s t a n c e s  t e n d  t o  p a s s  

i n t o  p a r a m a g n e t i c  s u b s t a n c e s .  The t e m p e r a t u r e  a t  w h ic h

t h i s  t r a n s i t i o n  t a k e s  p l a c e  i s  known a s  t h e  C u r i e  p o i n t .

I n  1 9 0 3  L a n g e v i n ^ ^  o b t a i n e d  a n  e x p r e s s i o n  f o r  t h e  

v a r i a t i o n  o f  p a r a m a g n e t i c  s u s c e p t i b i l i t i e s  w i t h  t e m p e r a 

t u r e  w h i c h ,  f o r  s m a l l  f i e l d s ,  r e d u c e d  t o  C u r i e ' s  l a w .
17U r b a i n  e x a m in e d  a  l a r g e  n u m b er  o f  b i n a r y  m i x t u r e s

a n d  f o u n d  t h a t  t h e  v a l u e  o f  t h e  s u s c e p t i b i l i t y  d e p e n d s

d i r e c t l y  o n  t h e  a m o u n t  o f  e a c h  c o n s t i t u e n t  p r e s e n t ,

i . e .  t h e  p r o p e r t y  i s  s t r i c t l y  a d d i t i v e .
18

S t e f a n  M e y e r  g a v e  t h e  f o l l o w i n g  r u l e s  a s  t h e  r e s u l t  

o f  h i s  i n v e s t i g a t i o n s :

( 1 )  Two d i a m a g n e t i c  e l e m e n t s  a l w a y s  p r o d u c e  a  d i a g m a g n e t i c  

b i n a r y  compound.

( 2 )  Two p a r a m a g n e t i c  e l e m e n t s  u s u a l l y  p r o d u c e  a  p a r a 

m a g n e t i c  compound.

U n t i l  n e a r l y  a  c e n t u i y  ago  m a g n e t i s m  a n d  e l e c t r i c i t y  

w e r e  c o n s i d e r e d  t o  be  e n t i r e l y  i n d e p e n d e n t  p hen o m e n a ,  b u t  

i n  1819  t h e y  w e r e  l i n k e d  by  t h e  d i s c o v e r y  o f  O e r s t i d  t h a t  

a  c o m p a ss  n e e d l e  was d e f l e c t e d  w^hen p l a c e d  p a r a l l e l  t o  a  

w i r e  c a r r y i n g  a n  e l e c t r i c  c u r r e n t .

The w ork  o f  A r a g o ,  B i s t  a n d  Ampere show ed  t h a t  t h e r e  

was a  m u t u a l  m a g n e t i c  a c t i o n  b e t w e e n  c u r r e n t s  a n d  m a g n e t s  

a n d  c u r r e n t s  a n d  c u r r e n t s .

S i n c e  t h e  e s t a b l i s h m e n t  by  F a r a d a y  o f  t h e  l a w s  o f  

E l e c t r o  M a g n e t i c  I n d u c t i o n  we c o n c l u d e  t h a t  a n  e l e c t r i c
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c u r r e n t  i s  s u r r o u n d e d  by l i n e s  o f  m a g n e t i c  f o r c e ,  a n d  

t h a t  e v e r y  c l o s e d  e l e c t r i c  c i r c u i t  i s  é q u i v a l e n t  t o  a  

m a g n e t  o f  d e f i n i t e  moment.

The m o d e m  t h e o r y  t h a t  t h e  a to m  c o n s i s t s  o f  a  h e a v y  

n u c l e u s  s u r r o u n d e d  by  e l e c t r i c  c h a r g e s  m o v in g  r a p i d l y  i n  

c l o s e d  o r b i t s  m ak es  c l e a r  t h e  o r i g i n  o f  t h e  m a g n e t i c  

p r o p e r t i e s  o f  m a t t e r .

The f o u n d a t i o n  o f  t h e  m o d e r n  e l e c t r o n i c  t h e o r y  o f
19m a g n e t i s m  was l a i d  i n  I 903  b y  L a n g e v i n ,  who r e g a r d e d  t h e  

e f f e c t s  a s  due  t o  r o t a t i n g  e l e c t r o n s .  E v e r y  e l e c t r o n i c  

o r b i t  m u s t  h a v e  a  m a g n e t i c  moment ,  b u t  by a  s u i t a b l e  

a r r a n g e m e n t  t h e s e  may n e u t r a l i s e  one  a n o t h e r ,  t h u s  g i v i n g  

a  d i a m a g n e t i c  e f f e c t  a n d  a  r e s u l t i n g  moment o f  z e r o .  I t  

h a s  b e e n  shown t h a t  t h e  e s t a b l i s h m e n t  o f  a n  e x t e r n a l  f i e l d  

w i l l  so  m o d i f y  t h e  o r b i t s  t h a t  a  d i a m a g n e t i c  e f f e c t  i s  

p r o d u c e d .  T h i s  i s  common t o  a l l  m a t t e r ,  w h e t h e r  d i a 

m a g n e t i c  o r  n o t ,  b u t  i f  t h e  o r b i t a l  moments  do n o t  

n e u t r a l i s e  one  a n o t h e r  t h e  a to m  i s  p a r a m a g n e t i c  a n d  t h e  

p a r a m a g n e t i s m  w i l l  c o m p l e t e l y  m ask  t h e  d i a m a g n e t i s m .

P a r a m a g n e t i s m  i s  f o u n d  o n l y  a m o n g s t  t h o s e  e l e m e n t s  

w h i c h  c o n t a i n  i n c o m p l e t e  e l e c t r o n i c  g r o u p s ;  t h o s e  w i t h  

c l o s e d  c o n f i g u r a t i o n s ,  i . e .  w i t h  c o m p l e t e d  e l e c t r o n i c  

o r b i t s ,  b a l a n c e  m a g n e t i c a l l y  a n d  a r e  d i a m a g n e t i c .

A k n o w l e d g e  o f  t h e  m a g n e t i c  p r o p e r t i e s  o f  e l e m e n t s ,  

co m p o u n d s ,  a n d  m i x t u r e s  h a s ,  i n  many c a s e s ,  l e d  t o  

i n t e r e s t i n g  r e s u l t s  r e g a r d i n g  t h e  s t r u c t u r e  o f  t h e  a to m
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a n d  m o l e c u l e .

The i n v e s t i g a t i o n  o f  t h e  m a g n e t i c  s u s c e p t i b i l i t y  o f

a l l o y s  was s t i m u l a t a t e d  by t h e  d i s c o v e r y  i n  I 903  o f  t h e  
20

H e u s l e r  a l l o y s .  M a n g an e se  a l l o y s  c o n t a i n i n g  no f e r r o 

m a g n e t i c  m e t a l s  w e r e  f o u n d  t o  b e  s t r o n g l y  m a g n e t i c .  The 

a d d i t i o n  o f  A lu m in iu m ,  T i n ,  A r s e n i c ,  A n t im o n y  a n d  B i s m u t h  

t o  M a n g a n e s e  -  C o p p e r  a l l o y  c o n t a i n i n g  3 0 ^  M a n g a n e se

p r o d u c e d  a  g r e a t  i n c r e a s e  i n  m a g n e t i c  p r o p e r t i e s .
21

S i r  R o b e r t  H a d f i e l d ' s  w o rk  i n  1917 o n  c e r t a i n  

M a n g a n e se  S t e e l s  show ed  t h a t  t h e  a d d i t i o n  o f  C a r b o n ,  

T u n g s t e n ,  M a n g a n e s e ,  S i l i c o n ,  Chromium, C o p p e r  a n d  H i c k e l  

t o  c e r t a i n  S t e e l s  a l t e r e d  t h e  m a g n e t i c  p r o p e r t i e s  

c o n s i d e r a b l y .
22I n  1927  S p e n c e r  a n d  J o h n  i n v e s t i g a t e d  s e v e r a l  

b i n a r y  a l l o y s ,  t h e  m a j o r i t y  o f  w h i c h  show ed  w e l l  d e f i n e d  

co m p o u n d s .  M e a s u r e m e n t  o f  L e a d - C o l d  a l l o y s  sh ow ed  t h e  

e x i s t e n c e  o f  P b j A u 2 a n d  t h i s  r e s u l t  was c o n f i r m e d  b y
23

Von Ma3y f r o m  a  s t u d y  o f  s p e c i f i c  v o lum e  c u r v e s .  I n  

t h e  c a s e  o f  t h e  s y s t e m  A lu m in iu m  -  T i n ,  two p a r a m a g n e t i c  

m e t a l s  g i v e  r i s e  t o  d i a m a g n e t i c  a l l o y s ,  a s  shown b y  t h e  

c u r v e .
24A r e p e t i t i o n  o f  t h i s  w o rk  by  Y. S h i m i z u  i n  193 2  

f a i l e d  to  c o n f i r m  t h e s e  r e s u l t s .  A f t e r  p r e p a r i n g  a n d  

m e a s u r i n g  t h e  a l l o y s  i n  a i r ,  S h i m i z u  a n n e a l e d  them  i n  

v a c u o  f o r  t h r e e  h o u r s  a n d  r e m e a s u r e d  th e m .  He f o u n d  

t h a t  h i s  o r i g i n a l  c u r v e  was c o n s i d e r a b l y  m o d i f i e d .
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He t h e n  p r e p a r e d  h i s  a l l o y s  i n  v a c u o ,  a n d  t h i s  t i m e  t h e  

g r a p h  o b t a i n e d  was p r a c t i c a l l y  a  s t r a i g h t  l i n e .  He 

t h e r e f o r e  s u g g e s t e d  t h e  i r r e g u l a r  c u r v e s  o b t a i n e d  by  

S p e n c e r  a n d  J o h n  w e r e  due  t o  a d s o r b e d  g a s e s ,  a n d  w e re  n o t  

a  t r u e  i n d i c a t i o n  o f  compound f o r m a t i o n .

The f o l l o w i n g  w ork  was a n  a t t e m p t  t o  r e p e a t  t h e  

r e s u l t s  o b t a i n e d  by  S h i m i z u .  F o r  t h i s  r e a s o n  a  s y s t e m  

w e l l  known t o  f o r m  com pounds ,  v i z ,  B i s m u t h  -  T h a l l i u m ,  

was c h o s e n ,  a n d  t h e  m e a s u r e m e n t s  made a s  d e s c r i b e d .

The s y s t e m  Cadmium -  T h a l l i u m  i n  w h ic h  o t h e r  m e th o d s  

h a d  f a i l e d  t o  i n d i c a t e  compound f o r m a t i o n  was a l s o  

i n v e s t i g a t e d .

PREPARATIOH OF THE ALLOYS

M e t a l l i c  T h a l l i u m  r e a d i l y  c o m b in e s  w i t h  a t m o s p h e r i c  

o x y g e n  w i t h  t h e  f o r m a t i o n  o f  T h a l l i c  O x i d e ,  a  b l a c k  com

p o u n d  f u s i b l e  a t  3 0 0 ^ 0 .  I t  was t h e r e f o r e  a d v i s a b l e  t o  

c o n s i d e r  t h e  r a n g e  o f  t e m p e r a t u r e  n e e d e d  f o r  t h e  

f o r m a t i o n  o f  t h e  v a r i o u s  a l l o y s .

The p l a n  o f  w o rk  c o n s i s t e d  o f  t h e  e x a m i n a t i o n  o f  

b i n a r y  a l l o y s  o f  T h a l l i u m  w i t h  m e t a l s  w i t h  w h i c h  i t  i s  

c o m p l e t e l y  m i s c i b l e  i n  a l l  p r o p o r t i o n s  i n  t h e  l i q u i d  

s t a t e ,  a n d  w h i c h  m e l t  b e lo w  30 0 °C .

An e x a m i n a t i o n  o f  t h e  f r e e z i n g - p o i n t  c u r v e s  g i v e n  ■
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i n  L a n d o l t - B O r n s t e i n ' s  P h y s i k a t i s c h - C h e m i s c h e  T a b e l l e n ,  

1 9 2 3  E d i t i o n ,  p a g e  327 e t  s e q . ,  l e d  t o  t h e  c h o i c e  o f  t h e  

f o l l o w i n g  b i n a r y  s y s t e m s  f o r  i n v e s t i g a t i o n :

( a )  T h a l l i u m  -  B i s m u t h .

( b )  T h a l l i u m  -  Cadmium.

LIATERIALS

P u r e  B i s m u t h  a n d  Cadmium w e re  s u p p l i e d  by  K a h lb au m .  

The B i s m u t h ,  s u p p l i e d  i n  s t i c k s ,  was saw n  i n t o  p i e c e s  o f  

s u i t a b l e  s i z e  w i t h  a  m e t a l  saw .  The Cadmium was g r a n u 

l a t e d  by  m e l t i n g  a n d  p o u r i n g  i n t o  v / a t e r .  The T h a l l i u m ,  

i n  t h e  f o r m  o f  s t i c k s ,  was s u p p l i e d  p a r t l y  by  K ah lb au m  

a n d  p a r t l y  by  H a r r i n g t o n s .  On e x a m i n a t i o n  i t  was f o u n d  

t o  be  c o n t a m i n a t e d  by  B i s m u t h  a n d  b y  s m a l l  q u a n t i t i e s  o f  

L e a d ,

PURIFICATIOH OF THALLIUM

The s t i c k s  o f  c r u d e  T h a l l i u m  w e r e  d i s s o l v e d  i n  d i l u t e  

S u l p h u r i c  A c i d ,  a n d  t h e  r e s u l t i n g  s o l u t i o n  f i l t e r e d  a n d  

a l l o w e d  t o  c r y s t a l l i s e ,  when n e e d l e - s h a p e d  c r y s t a l s  o f  

T h a l l o u s  S u l p h a t e  w e re  o b t a i n e d .  T h e s e  w e r e  d i s s o l v e d  

i n  w a t e r  s l i g h t l y  a c i d i f i e d  w i t h  S u l p h u r i c  A c i d ,  a n d  t h e  

s o l u t i o n  t r e a t e d  w i t h  H y d r o g e n  S u l p h i d e  u n t i l  no f u r t h e r  

p r e c i p i t a t i o n  t o o k  p l a c e .  The s o l u t i o n  was a g a i n  

f i l t e r e d  a n d  e x c e s s  H y d r o g e n  S u l p h i d e  rem o v e d  by b o i l i n g .
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The c o l d  s o l u t i o n  was e l e c t r o l y s e d  i n  a  g l a s s  t r o u g h  

b e t w e e n  a  p l a t i n u m  f o i l  anode  a n d  a  p l a t i n u m  w i r e  c a t h o d e  

To p r e v e n t  t h e  T h a l l i u m  b e i n g  c o n t a m i n a t e d  w i t h  t h e  

T h a l l i c  O x id e  d e p o s i t e d  a t  t h e  a n o d e ,  t h i s  e l e c t r o d e  was 

s u p p o r t e d  i n  a  s h a l l o w  g l a s s  d i s h .

P u r e  T h a l l i u m  was d e p o s i t e d  a t  t h e  c a t h o d e  i n  f l a t

s i l v e r y  p l a t e s  o f  a  l e a f - l i k e  f o r m a t i o n .  I t  was t a k e n

u p ,  w a s h e d ,  a n d  k e p t  u n d e r  f r e s h l y  b o i l e d  d i s t i l l e d  w a t e r

u n t i l  r e q u i r e d ,  when i t  was d r i e d  o v e r  C a lc iu m  C h l o r i d e
c

i n  a  vacuum  d e s i c a t o r .  The e l e c t r o l y t i c a l l y  p r e p a r e d  

T h a l l i u m ‘g a v e  no r e a c t i o n  f o r  L e a d  o r  B i s m u t h .  T r a c e s  

o f  B i s m u t h  i n  a  compound c a n  be  d e t e c t e d  by t h e  u s e  o f  

C i n c h o n i n e ,  w h i c h ,  i n  t h e  p r e s e n c e  o f  P o t a s s i u m  I o d i d e  

g i v e s  a n  o r a n g e  p r e c i p i t a t e .

1 g ra m  o f  C i n c h o n i n e  was d i s s o l v e d  i n  100 c c s  o f  

warm w a t e r  a c i d i f i e d  w i t h  H i t r i c  A c i d ,  a n d  a f t e r  c o o l i n g ,  

2 g ram s  o f  P o t a s s i u m  I o d i d e  w e re  a d d e d .  A f i l t e r  p a p e r  

was t h e n  s p o t t e d  w i t h  t h i s  r e a g e n t ,  a n d  t h e n  w i t h  a  

s o l u t i o n  o f  t h e  e l e c t r o  l y t i c a l l y  p r e p a r e d  T h a l l i u m  i n  

H i t r i c  A c i d .  Ho o r a n g e  c o l o u r  was o b s e r v e d ,  so  t h e  

T h a l l i u m  was t a k e n  a s  b e i n g  f r e e  f r o m  B i s m u t h .

The m e t a l  was e x a m in e d  f o r  L e a d  by m eans  o f  D i p h e n y l  

T h i o c a r b a z o n e .  A s o l u t i o n  o f  t h i s  r e a g e n t  i n  C a r b o n  

T e t r a c h l o r i d e  g i v e s  a  b r i c k  r e d  c o l o u r a t i o n  w i t h  n e u t r a l  

o r  s l i g h t l y  a l k a l i n e  s o l u t i o n s  c o n t a i n i n g  L e a d .
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A H i  t r i e  A c i d  s o l u t i o n  o f  t h e  T h a l l i u m  was n e u t r a l i s e d  

v / i t h  Ammonia a n d  a  few  d r o p s  o f  t h e  r e a g e n t  w e re  a d d e d .

Ho r e d  c o l o u r a t i o n  was o b s e r v e d ,  so t h e  T h a l l i u m  was 

c o n s i d e r e d  to  be  f r e e  f ro m  L e a d .

BISTvrarTH -  THALLIUM ALLOYS

M e l t i n g  p o i n t  r a n g e ,  B i s m u t h  271*^0, T h a l l i u m  307°C 

w i t h  m in im a  a t  lÿO^C a n d  1 9 4 ^ 0 .

H i n e  a l l o y s  w e re  made, i . e .  1 0 ^  T l ,  9 0 ^  B i ,  2 0 ^  T l ,

Bo96 B i ,  a n d  so  o n  e x p r e s s e d  i n  w e i g h t  p e r  c e n t ,  a n d  i n  

e a c h  c a s e  t h e  w e i g h t  o f  m i x t u r e  t a l i e n  was a b o u t  60 g r a m s .  

A l l o y s  c o n t a i n i n g  b e t w e e n  10 a n d  3 0 ^  T h a l l i u m  w e r e  made 

b y  m e l t i n g  t h e  r e q u i r e d  w e i g h t s  o f  t h e  m e t a l s  i n  a  

g r a p h i t e  c r u c i b l e  o v e r  a  b u n s e n  f l a m e ,  a n d  t h e  m o l t e n  

m i x t u r e  t h o r o u g h l y  s t i r r e d  w i t h  a  s i l i c a  r o d .  The 

m i x t u r e  was t h e n  p o u r e d  i n t o  h o l l o w  c a r b o n  r o d s  c l o s e d  

a t  on e  en d  by p l a s t e r  o f  P a r i s  c a p s .  I n  t h i s  way- 

c y l i n d r i c a l  r o d s  o f  a b o u t  0 . 6 8  cms d i a m e t e r  w e re  o b t a i n e d ,  

The a l l o y s  c o n t a i n i n g  60 t o  9 O9& T h a l l i u m  w e i e m e l t e d  

i n  a n  a t m o s p h e r e  o f  H i t r o g e n .  ( S e e  d i a g r a m  1 . ) .

The m e t a l s  w e re  p l a c e d  i n  a  c r u c i b l e  c o v e r e d  w i t h  a  

l i d ,  t h r o u g h  w h ic h  p a s s e d  two s h o r t  p i e c e s  o f  g l a s s  

t u b i n g .  H i t r o g e n  f ro m  a  c y l i n d e r  was p a s s e d  t h r o u g h  

t h e  c r u c i b l e .  When t h e  m e t a l s  w e re  m o l t e n  t h e  l i d  was 

r e m o v e d ,  t h e  m i x t u r e  s t i r r e d  q u i c k l y ,  a n d  c a s t  i n t o



c/o<0



- 1 1 -

c a r b o n  m o u ld s  a s  b e f o r e .

L a t e r  i t  was f o u n d  n e c e s s a r y  t o  e x am ine  a l l o y s  o f  

c o m p o s i t i o n  b e t w e e n  t h o s e  a l r e a d y  m ade .  T h e s e  w e re  

p r e p a r e d  s i m i l a r l y  by  a d d i n g  t h e  r e q u i s i t e  a ^ a n t i t i e s  

o f  B i s m u t h  to  e x i s t i n g  a l l o y s .  The- a l l o y s  w i t h  a  l o w  

p e r c e n t a g e  o f  T h a l l i u m  w e re  s i l v e r y  i n  c o l o u r  a n d  v e r y  

b r i t t l e ,  so  t h a t  g r e a t  c a r e  h a d  to  b e  talc  e n  i n  c h i p p i n g  

o f f  t h e  m o u ld s .  When t h e  T h a l l i u m  c o n t e n t  was o v e r  

40 0̂, t h e  a l l o y s  becam e much t o u g h e r ,  a n d  t h o s e  w i t h  a  

h i g h e r  p e r c e n t a g e  o f  T h a l l i u m  h a d  a  d u l l  s u r f a c e  due  to  

r a p i d  o x i d a t i o n .  A l s o ,  t h e s e  h i g h e r  p e r c e n t a g e  a l l o y s  

t e n d e d  t o  c o n t r a c t  o n  c o o l i n g ,  a n d  s l i p p e d  e a s i l y  o u t  o f  

t h e  m o u l d s .

CAmilUM -  THALLIUM ALLOYS

Range  o f  m e l t i n g  p o i n t ,  Cadmium 321  C, T h a l l i u m  307 0 ,  

minimum a t  208 ^ 0 .

The e n t i r e  r a n g e  o f  a l l o y s  was made by  m e l t i n g  t h e  

m e t a l s  i n  a i r  a n d  p o u r i n g  i n t o  g r a p h i t e  m o u l d s .

A l l  t h e  Cadmium a l l o y s  w e r e  v e r y  t o u g h  a n d  t e n d e d  t o  

c o n t r a c t  o n  c o o l i n g .  Those  w i t h  a  h i g h  p e r c e n t a g e  o f  

Cadmium w e re  b r i g h t  a n d  s i l v e r y ,  w h i l e  t h o s e  w i t h  a  h i g h  

p e r c e n t a g e  o f  T h a l l i u m  w e re  v e r y  much l i k e  L e a d  i n  

a p p e a r a n c e .
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?  REPARATION OF RODS OF PURE METAL

I n  t h e  c a s e  o f  B i s m u t h  a n d  Cadmium t h e  m e t a l s  w e r e  

m e l t e d  i n  a i r  a n d  c a s t  a s  a b o v e .  The T h a l l i u m  was m e l t e d  

i n  N i t r o g e n  a s  p r e v i o u s l y  d e s c r i b e d .

PREPARATION OF PORTION OF SPEC BIEN FOR Î\IEASURSIÆEÎÎT

I n  a l l  c a s e s  t h e  c y l i n d e r s  o f  a l l o y s  w e r e  t r e a t e d  a s  

f o l l o w s : -  a  p o r t i o n  a b o u t  7 . 4  cms. l o n g  was c u t  w i t h  a  

m e t a l  saw f r o m  t h e  c e n t r e  o f  e a c h  c y l i n d e r ,  a n d  s m a l l  

p i e c e s  f r o m  e i t h e r  s i d e  o f  t h i s  p o r t i o n  w e re  a n a l y s e d .

When t h e  r e s u l t s  o f  t h e  a n a l y s i s  show ed t h a t  t h e  

c o m p o s i t i o n  o f  t h e  e n d s  o f  t h e  r o d  d i d  n o t  d i f f e r  by  m ore  

t h a n  0 . 1  p e r  c e n t  o f  t h e  mean v a l u e ,  t h e  c e n t r e  p i e c e  was 

p r e p a r e d  f o r  m e a s u r e m e n t .  I t  was r u b b e d  w i t h  s a n d - p a p e r  

u n t i l  i t  f i t t e d  e a s i l y  i n t o  t h e  s u s c e p t i b i l i t y  t u b e ,  a f t e r  

w h i c h  i t  was w a s h e d  w i t h  d i l u t e  H y d r o c h l o r i c  A c i d ,  

d i s t i l l e d  w a t e r ,  a n d  d r i e d .  The c o m p o s i t i o n  o f  t h e  r o d  

was t a k e n  a s  t h e  mean  o f  t h a t  o f  t h e  two e n d s .

P o r t i o n s  f r o m  e i t h e r  e nd  o f  t h e  r o d  w e r e  t h e n  t e s t e d  

f o r  t r a c e s  o f  I r o n .  The a l l o y  was d i s s o l v e d  i n  d i l u t e  

N i t r i c  A c i d  a n d  t h e  s o l u t i o n  made a l k a l i n e  w i t h  Ammonia. 

Two d r o p s  o f  T h i o g l y c o l l i c  A c i d  w e r e  t h e n  a d d e d ,  when  t h e  

p r e s e n c e  o f  I r o n  w o u ld  h a v e  b e e n  i n d i c a t e d  by  t h e  

a p p e a r a n c e  o f  a  p u r p l e  r e d  c o l o u r .  I n  no c a s e  was any  

s u c h  c o l o u r  o b s e r v e d ,  a n d  a s  t h e  r e a g e n t  i s  s e n s i t i v e  t o
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a  c o n c e n t r a t i o n  o f  10  i t  was c o n c l u d e d  t h a t  i f  an y  i r o n  

w as  p r e s e n t ,  i t  was l e s s  t h a n  one  p a r t  p e r  m i l l i o n .

The c y l i n d e r s  o f  p u r e  m e t a l  w e re  t r e a t e d  i n  t h e  same 

w ay .  The m a i n  o b j e c t  o f  w a s h i n g  w i t h  d i l u t e  H y d r o c h l o r i c  

A c i d  was t o  rem ove  p a r t i c l e s  o f  I r o n  w h i c h  h a d  p o s s i b l y  

b e e n  l e f t  i n  t h e  c u t t i n g  o f  t h e  a l l o y .  T h i s  p r e c a u t i o n  

h a s  b e e n  p r e v i o u s l y  shown by H a d f i e l d  an d  C h e n e v e a u  t o  be  

v e r y  n e c e s s a r y .

ANALYSIS OF ALLOYS

The T h a l l i u m ,  i n  b o t h  s y s t e m s ,  was e s t i m a t e d  a s  t h e  

C h r o m a te  by  t h e  m e th o d  d e s c r i b e d  i n  M i t c h e l l  a n d  W ard ,  

( M o d e m  M e th o d s  i n  Q u a n t i t a t i v e  C h e m ic a l  A n a l y s i s ) .  I n  

o r d e r  t o  a s c e r t a i n  w h e t h e r  o r  n o t  t h e  s o l u b i l i t y  o f  

T h a l l o u s  C h ro m a te  a p p r e c i a b l y  a f f e c t e d  t h e  r e s u l t s ,  a  

p a r a l l e l  e s t i m a t i o n  a s  I o d i d e  was m ade .  As no d i f f e r e n c e  

was o b s e r v e d ,  t h e  C hrom ate  e s t i m a t i o n  was u s e d  t h r o u g h o u t ,

( a )
I n  t h e  B i s m u t h  -  T h a l l i u m  a l l o y s  i t  p r o v e d  n e c e s s a r y  

t o  rem ove  t h e  B i s m u t h  b e f o r e  a t t e m p t i n g  t o  e s t i m a t e  t h e  

T h a l l i u m .

T h i s  was d one  by  d i s s o l v i n g  t h e  p o r t i o n s  o f  a l l o y  i n  

d i l u t e  N i t r i c  A c i d ,  a n d  n e u t r a l i s i n g  w i t h  a  s o l u t i o n  o f  

S o d iu m  C a r b o n a t e .  On b o i l i n g ,  t h e  w h o le  o f  t h e  B i s m u t h  

was p r e c i p i t a t e d  a s  a  b a s i c  compound.  T h i s  was f i l t e r e d  

o f f  a n d  w a s h e d  w i t h  b o i l i n g  w a t e r  u n t i l  t h e  w a s h i n g s  g a v e
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no p r e c i p i t a t e  on  t r e a t m e n t  w i t h  P o t a s s i u m  I o d i d e .

The v o lu m e  o f  t h e  f i l t r a t e  was k e p t  a s  n e a r l y  a s  p o s s i b l e  

t o  300  C C S .  i n  e a c h  e s t i m a t i o n .

The f i l t r a t e  was t h e n  b o i l e d ,  a n d  2 g ram s  o f  p o t a s s i u m  

C h r o m a te  a d d e d  f o r  e v e r y  100 c c s .  o f  s o l u t i o n .  The 

p r e c i p i t a t e  was l e f t  t o  s t a n d  o v e r n i g h t ,  a f t e r  w h ic h  i t  was 

f i l t e r e d  t h r o u g h  a  g l a s s  Gooch c r u c i b l e .  I t  was w a s h e d  

f i r s t l y  w i t h  a  2 ^  P o t a s s i u m  C hro m a te  s o l u t i o n ,  s e c o n d l y  w i t h  

3076 A l c o h o l ,  a n d  d r i e d  a t  1 2 0 ° C .

( b )
The Cadmium a l l o y s  w e re  a n a l y s e d  i n  a  s i m i l a r  m a n n e r ,  

b u t  t h e  p r e c i p i t a t e  o f  Cadmium C a r b o n a t e  was w a s h e d  w i t h  

d i l u t e  Sodium  C a r b o n a t e  s o l u t i o n  a s  i t  t e n d e d  to  p e p t i s e  

o n  w a s h i n g  w i t h  h o t  w a t e r .

COMPARISON OF IODIDE Al^D CHROMATE ÎCSTHOD

A n a l y s i s  o f  a n  a l l o y  by I o d i d e  g a v e  6 0 . 0 ? ^  T h a l l i u m ,  

A n a l y s i s  o f  t h e  same a l l o y  by  C h ro m a te  g a v e  6 0 . 1 4 ^

T h a l l i u m ,
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ÎIETHOD AIID APPARATUS FOR SUSCEPTIBILITY

LETERMINATI0R8

The M a g n e t i c  S u s c e p t i b i l i t y  o f  a  s u b s t a n c e ,  K ,  h a s  

b e e n  d e f i n e d  a s  t h e  r a t i o  o f  t h e  I n t e n s i t y  o f  M a g n e t i s a t i o n ,

I ,  t o  t h e  f i e l d ,  H, p r o d u c i n g  i t ,
_  I  i  • 6 • K = —M

Many d i f f e r e n t  m e th o d s  i n v o l v i n g  v a r i o u s  t y p e s  o f  

a p p a r a t u s  a r e  i n  u s e  f o r  t h e  m e a s u r e m e n t  o f  m a g n e t i c  

s u s c e p t i b i l i t y ,  a n d  e a c h  h a s  i t s  s p e c i a l  v a l u e  f o r  t h e  t y p e  

o f  w o rk  u n d e r  i n v e s t i g a t i o n .

The G-ouy m e th o d  was u s e d  f o r  t h e  m e a s u r e m e n t  o f  t h e  

s u s c e p t i b i l i t y  o f  t h e  T h a l l i u m  a l l o y s .  I n  t h i s ,  t h e  

s u b s t a n c e  u n d e r  i n v e s t i g a t i o n  i s  s u s p e n d e d  by  a  f i n e  

p l a t i n u m  w i r e  i n  a  s t r o n g  n o n - u n i f o r m  m a g n e t i c  f i e l d  

p r o d u c e d  by  a n  e l e c t r o  m a g n e t .  The r e p u l s i v e  o r  

a t t r a c t i v e  f o r c e  o n  t h e  s u b s t a n c e  i s  d e t e r m i n e d  by  w e i g h i n g .

DESCRIPTION OF J^PARATUS
__________________  ( S e e  p h o t o g r a p h  a n d  d i a g r a m  2 . )

The a p p a r a t u s  c o n s i s t s  e s s e n t i a l l y  o f  a n  e l e c t r o  

m a g n e t ,  M, o f  2 0 , 0 0 0  t u r n s ,  w h i c h  i s  c a p a b l e  o f  c a r r y i n g  

a  c u r r e n t  o f  5 am ps .  U s i n g  a  c u r r e n t  o f  3 amps ,  u n d e r  

a  p o t e n t i a l  o f  220 v o l t s ,  a  f i e l d  o f  a b o u t  3 , 0 0 0  g a u s o  

i s  p r o d u c e d  when t h e  a p e r t u r e  b e t w e e n  t h e  p o l e  p i e c e s  i s
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1 . 2  cms.  The s o f t  I r o n  p o l e  p i e c e s ,  P ,  a r e  m o v a b le  so  

t h a t  t h e  w i d t h  o f  t h e  a p e r t u r e  c a n  be v a r i e d ,  a n d  t h e y  

a r e  s c r e w e d  t o  t h e  m a g n e t  by  means o f  h a n d  b o l t s .  The 

w i d t h  o f  t h e  a p e r t u r e  i s  m a i n t a i n e d  c o n s t a n t  by b r a s s  

d i s t a n c e  p i e c e s ,  d ,  w h ic h  a r e  s c r e w e d  i n t o  s l o t s  i n  t h e  

p o l e  p i e c e s .  I n  t h e  c e n t r e  o f  t h e  d i s t a n c e  p i e c e s  i s  a  

c i r c u l a r  h o l e ,  t h r o u g h  v;hich p a s s e s  a  g l a s s  t u b e  c o n t a i n i n g  

t h e  s u b s t a n c e  t o  be  m e a s u r e d .

The c u r r e n t  i s  c o n t r o l l e d  by  a  v a r i a b l e  r h e o s t a t ,  Z, 

a n d  i s  r e g i s t e r e d  by a n  a m m ete r ,  A, i n  t h e  c i r c u i t .  The 

c u r r e n t  i s  s u p p l i e d  by  t h e  m a i n s ,  a n d  i s  s w i t c h e d  o n  a n d  

o f f  by  a  t w o - p o l e  s w i t c h ,  S .

A s p e c i a l l y  s e n s i t i v e  b a l a n c e  o f  t h e  Bunge s h o r t  

beam t y p e ,  c a p a b l e  o f  w e i g h i n g  t o  0 . 0 1  mg. i s  m o u n te d  o n  

t h e  b e n c h  a b o u t  a  f o o t  a b o v e  t h e  e l e c t r o  m a g n e t ,  a n d  i s  

e n c l o s e d  i n  a  c a s e  B. The l e f t - h a n d  s c a l e  p a n  a n d  s u p p o r t  

a r e  r e p l a c e d  by a  l i g h t  a lu m i n iu m  s u p p o r t  a n d  a  d i s c  P^  

w h i c h  c a r r i e s  o n  i t s  l o w e r  s i d e  a  h o o k .  From t h e  h o o k  i s  

s u s p e n d e d  a  f i n e  p l a t i n u m  w i r e  w h ic h  p a s s e s  t h r o u g h  a  h o l e  

i n  t h e  f l o o r  o f  t h e  b a l a n c e  c a s e  a n d  b e n c h .  To t h e  l o w e r  

e n d  o f  t h i s  w i r e  i s  a t t a c h e d  a  c o p p e r  s t i r r u p ,  f r o m  w h i c h  

i s  s u s p e n d e d  t h e  t u b e ,  t ,  c o n t a i n i n g  t h e  s u b s t a n c e  u n d e r  

i n v e s t i g a t i o n .  The l e n g t h  o f  t h e  s u s p e n s i o n  i s  a d j u s t e d  

so  t h a t  t h e  i n s i d e  m e n i s c u s  o f  t h e  b o t t o m  o f  t h e  t u b e  i s  

e x a c t l y  l e v e l  w i t h  a  m ark  o n  t h e  c e n t r e  o f  t h e  p o l e  p i e c e s
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o f  t h e  e l e c t r o  m a g n e t ,  t h e  l a t t e r  b e i n g  a r r a n g e d  so t h a . t

t h e  g a p  b e t w e e n  t h e  p o l e  p i e c e s  i s  v e r t i c a l l y  b e lo w  t h e  

h o l e  i n  t h e  b e n c h .

I t  was f o u n d  n e c e s s a r y  t o  p r o t e c t  t h e  s u s p e n s i o n  f r o m  

d r a u g h t s  a n d  f r o m  c o n v e c t i o n  c u r r e n t s  c a u s e d  by p o s s i b l e  

o v e r h e a t i n g  o f  t h e  m a g n e t ,  a s  t h e s e  w ou ld  h a v e  a  s e r i o u s  

e f f e c t  o n  t h e  o s c i l l a t i o n s  by  w h ic h  t h e  w e i g h t  i s  o b t a i n e d .  

T h e r e f o r e  t h e  p a r t  o f  t h e  s u s p e n s i o n  b e tw e e n  t h e  b a l a n c e  

c a s e  a n d  t h e  b e n c h  was s u r r o u n d e d  by a  c o p p e r  t u b e ,  C, a n d  

t h e  l o w e r  p a r t  b e t w e e n  t h e  t u b e  a n d  t h e  p o l e  p i e c e s  

p r o t e c t e d  by  a  w ooden  b o x  w i t h  a  d e t a c h a b l e  f r o n t .  The 

w h o le  o f  t h e  a p p a r a t u s  b e lo w  t h e  b e n c h  was b o a r d e d  i n  t o  

p r e v e n t  d r a u g h t s  a s  much a s  p o s s i b l e .

The a l l o y s  u n d e r  i n v e s t i g a t i o n  c a s t  i n  t h e  fo rm  o f  

a  c y l i n d r i c a l  s t i c k  a r e  p l a c e d  i n  g l a s s  t u b e s  a b o u t  0 . 7  cms. 

i n  d i a m e t e r  a n d  1 3  cms. l o n g ,  c l o s e d  a t  t h e  l o w e r  e n d .

The u p p e r  end  o f  t h e  t u b e  i s  c l o s e d  by  a  vacuum t a p  w h i c h  

f i t s  i n t o  t h e  t u b e  by means o f  a  g r o u n d  g l a s s  j o i n t .

A t  a  d i s t a n c e  o f  1 . 3  cms. f ro m  t h e  j o i n t  a r e  s e a l e d  two 

g l a s s  a r m s ,  f r o m  w h ic h  t h e  t u b e  i s  s u s p e n d e d  i n  t h e  c o p p e r

s t i r r u p .  ( S e e  d i a g r a m  3 * ) -

The s t i c k  m u s t  be  o f  s u f f i c i e n t  l e n g t h  to  e n s u r e  t h a t  

t h e  u p p e r  end  i s  w e l l  o u t s i d e  t h e  m a g n e t i c  f i e l d .  The 

f i e l d  v e r t i c a l l y  a b o v e  t h e  p o l e  p i e c e s  was p r e v i o u s l y  

e x p l o r e d ,  t h e  t u b e  b e i n g  f i l l e d  w i t h  w a t e r  a n d  g r a d u a l l y



M
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r a i s e d  u s i n g  a  s h o r t e r  a n d  s h o r t e r  s u s p e n s i o n .  A t  a  

h e i g h t  o f  5 cms. a b o v e  t h e  c e n t r e  o f  t h e  p o l e  p i e c e s  t h e  

p u l l  was o n l y  1 p e r  c e n t  o f  i t s  o r i g i n a l  v a l u e ,  b e c o m in g  

g e r o  a t  6 cms. a b o v e  t h e  m a rk .  Hence  a  s t i c k  o f  l e n g t h  

a p p r o x i m a t e l y  7*5  cms. was u s e d  f o r  a l l  m e a s u r e m e n t s ,  a  

m a rk  b e i n g  e t c h e d  on  t h e  t u b e  t h i s  d i s t a n c e  f ro m  t h e  

b o t t o m .  The f i e l d  was f o u n d  t o  be c o n s t a n t  f o r  0 . 4  cms. 

e i t h e r  a b o v e  o r  b e lo w  t h e  c e n t r e  o f  t h e  p o l e  p i e c e s ,  so  

t h a t ,  e v e n  when w e i g h i n g  by o s c i l l a t i o n s ,  t h e  b o t t o m  o f  

t h e  t u b e  was w e l l  w i t h i n  t h e  r e g i o n  o f  u n i f o r m  maximum 

f i e l d .

The t u b e  c o n t a i n i n g  t h e  s u b s t a n c e  u n d e r  i n v e s t i g a t i o n  

i s  a r r a n g e d  so t h a t  i s  h a n g s  v e r t i c a l l y  a n d  s y m m e t r i c a l l y  

b e t w e e n  t h e  p o l e  p i e c e s  w i t h  i t s  l o v / e r  end  l e v e l  w i t h  t h e

c e n t r e  m a rk .  Then  t h e  t u b e  i s  w e i g h e d  by  t h e  m e th o d  o f

o s c i l l a t i o n s .  The c u r r e n t  i s  t h e n  s w i t c h e d  on  a n d  t h e  

r e s i s t a n c e  a d j u s t e d  u n t i l  t h e  am m ete r  r e g i s t e r s  3 am ps .

The t u b e  an d  i t s  c o n t e n t s  i s  a g a i n  w e i g h e d  a n d  t h e  d i f f e r 

e n c e  i n  w e i g h t  n o t e d .  T h i s  d i f f e r e n c e  i s  due t o  t h e

a t t r a c t i o n  o r  r e p u l s i o n  o f  t h e  s u b s t a n c e  by  t h e  m a g n e t ,  

a n d  f r o m  i t  t h e  m a g n e t i c  s u s c e p t i b i l i t y  may be  c a l c u l a t e d  

a s  f o l l o w s : -
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I f  A = a r e a  o f  c r o s s  s e c t i o n  o f  c y l i n d e r  i n  sg..  cms,

1  = l e n g t h  o f  c o lu m n  o f  m a t e r i a l  i n  cms*

F = p u l l  o n  m a t e r i a l  i n  d y n e s .

= p e m i e a h i l i t y  o f  t h e  m a t e r i a l .

J^x = p e r m e a b i l i t y  o f  t h e  m ed ium  ( a i r ) .

= v o lu m e  s u s c e p t i b i l i t y  o f  t h e  m a t e r i a l .

Kg = v o lu m e  s u s c e p t i b i l i t y  o f  t h e  m ed iu m .

= f i e l d  a t  t h e  b o t t o m  o f  c y l i n d e r  i n  g a u s s .

Hg = f i e l d  a t  t h e  t o p  o f  c y l i n d e r  i n  g a u s s .

The f o r c e  o n  m a t e r i a l  o f  p e r m e a b i l i t y s u s p e n d e d  i n  a  

m ed ium  o f  p e r m e a b i l i t y / ^ ^ ' " i s  g i v e n  b y

F

A
8 r

= / f -4 K 7 T

i . e .  - F  = &A(E^ -  Kg)  ( h 2 _ H ^ )

2F
K, =   +  Kg
1

A(h |  -  E g )

M a s s  s u s c e p t i b i l i t y ^ =  £  w h e r e  d = d e n s i t y .

/

2F
• • X  a  -    +  >

'  A(H^ -  K j )
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b u t  d -  ^  w h e r e  w = w e i g h t  o f  m a t e r i a l .
V

2 F I
a i r  1 4

i s  z e r o  p r o v i d e d  s u f f i c i e n t  l e n g t h  o f  m a t e r i a l  i s  u s e d ,  

a n d  1 a n d  a r e  c o n s t a n t  f o r  a  g i v e n  l e n g t h  o f  c o lu m n  a n d  

a p e r t u r e  o f  p o l e  p i e c e s .

a i r  = 0 . 0 3  X 1 0 " ^

H e n c e  = K l Z  +  v  0 . 0 ?
/  w w

w h e r e  i s  c o n s t a n t  f o r  t h e  a p p a r a t u s .

I f  F i s  m e a s u r e  i n  m i l l i g r a m s ,  w i n  g r a m s ,  1 i n  c e n t i 

m e t r e s  a n d  A i n  s q u a r e  c e n t i m e t r e s ,  t h e n

2 1 .  1 0 ^  % 981
=   C . G . S .  u n i t s .

X 10000

The c o n s t a n t  rL  was d e t e r m i n e d  b y  f i l l i n g  t h e  t u b e  

u p  t o  t h e  r e i u i r e d  m a rk  w i t h  a  p u r e  l i q u i d  o f  know n

s u s c e p t i b i l i t y  a n d  d e t e r m i n i n g  t h e  p u l l .  S i n c e  g l a s s

i t s e l f  h a s  a  s u s c e p t i b i l i t y ,  t h e  p u l l  o n  t h e  t u b e  was 

f i r s t  d e t e r m i n e d  a n d  t h i s  was s u b t r a c t e d  f r o m  t h e  t o t a l  

p u l l  F .
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The m ea n f o r c e  d u e  t o t h e  t u b e  a l o n e was f o u n d  f r o m

t h e  f o l l o w i n g r e s u l t s .

T e m p e r a t u r e . W e i g h t  
o f  t u b e .

W e i g h t  o f  t u b e  
i n  f i e l d .

P u l l  o n  t u b e .

20^ 1 2 . 9 1 0 3 7 1 2 . 9 0 6 9 6  cp-S - 0 . 0 0 3 6 1  ■

21° 1 2 .9 1 0 4 6 1 2 . 9 0 6 8 7 - 0 . 0 0 3 3 9

1 9 ° 1 2 . 9 1 0 4 8 1 2 . 9 0 6 9 1 - 0 . 0 0 3 3 7

2 2 ° 1 2 . 9 1 0 4 3 1 2 . 9 0 6 8 4 - 0 . 0 0 3 3 9

21 ° 1 2 . 9 2 0 3 0 1 2 . 9 1 6 9 1 - 0 . 0 0 3 3 9

s f 1 2 . 9 2 0 4 7 1 2 . 9 1 6 8 8 - 0 . 0 0 3 5 9

2 0 ° 1 2 . 9 2 0 4 8 1 2 . 9 1 6 8 7 - 0 . 0 0 3 3 9

M ean v a l u e  f o r  s m a l l  t u b e  = -O.OO359

M e a s u r e m e n t s  f o r  d e t e r m i n i n g  p u l l  o n s e c o n d  t u b e .

T e m p e r a t u r e . W e i g h t  
o f  t u b e .

W e i g h t  o f  t u b e  
i n  f i e l d .

P u l l  o n  t u b e

2 2 ° 1 5 . 9 5 4 4 7 1 3 . 9 4 2 3 9 - 0 . 0 0 1 8 8

2 3 ° 1 5 . 9 5 4 5 8 1 3 . 9 4 2 6 9 - 0 . 0 0 1 8 9

2 f 1 5 . 9 5 4 7 1 1 3 . 9 5 2 8 2 - 0 . 0 0 1 8 9

2 0 ° 1 3 . 9 4 9 8 0 1 5 . 9 5 7 8 9 - 0 . 0 0 1 9 1

M ean  v a l u e  f o r  l a r g e t u b e  = - 0 . 0 0 1 8 9
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METHOD OF MEA.SUREMENT

The s u s c e p t i b i l i t y  t u b e  was w a s h e d  w i t h  H y d r o c h l o r i c  

A c i d  a n d  w a t e r ,  r i n s e d  w i t h  A l c o h o l  a n d  E t h e r ,  a n d  

t h o r o u g h l y  d r i e d .  I t  was t h e n  s u s p e n d e d  i n  a  c o p p e r  

s t i r r u p  a t t a c h e d  t o  a  f i n e  p l a t i n u m  w i r e  f r o m  t h e  h o o k  

o n  t h e  l e f t  h a n d  b a l a n c e  p a n .  The l e n g t h  o f  t h e  s u s 

p e n s i o n  was c a r e f u l l y  a d j u s t e d  s o  t h a t  t h e  u p p e r  m e n i s c u s  

o f  t h e  l o w e r  p a r t  o f  t h e  t u b e  was o n  a  l e v e l  w i t h  a  m a r k  

o n  t h e  p o l e  p i e c e s ,  a n d  so  t h a t  t h e  t u b e  h u n g  s y m m e t r i c a l l y  

b e t w e e n  th e m .  The t e m p e r a t u r e  was t h e n  r e c o r d e d  by  m eans  

o f  a  t h e r m o m e t e r  p l a c e d  b e t w e e n  t h e  p o l e  p i e c e s ,  a n d  t h e  

a p p a r a t u s  was b o a r d e d  i n  a n d  l e f t  f o r  a b o u t  t e n  m i n u t e s  

t o  a l l o w  t h e  t u b e  t o  becom e  s t e a d y .

The t u b e  w as  t h e n  w e i g h e d  i n  t h e  u s u a l  way t o  0 .0 1  g rm .  

t h e  r i d e r  b e i n g  o n  t h e  z e r o  o f  t h e  b eam .  The r i d e r  w as  

t h e n  m o v ed  so  t h a t  t h e  c o m b i n e d  w e i g h t  o f  t h e  r i d e r  a n d  t h e  

w e i g h t s  o n  t h e  p a n  was s l i g h t l y  t o o  g r e a t .  The l e v e r  o f  

t h e  b a l a n c e  p a n  was r a i s e d  g e n t l y  so  t h a t  t h e  p o i n t e r  

sw u n g  b e t w e e n  ^ -  8 d i v i s i o n s  o n  e i t h e r  s i d e  o f  t h e  z e r o .

F i v e  s u c c e s s i v e  t u r n i n g  p o i n t s  w e r e  t a k e n ,  a n d  t h e  r i d e r  

m oved  b a c k  a l o n g  t h e  s c a l e  u n t i l  t h e  c o m b i n e d  w e i g h t s  w e r e  

s l i g h t l y  l e s s  t h a n  t h a t  o f  t h e  t u b e .  F i v e  t u r n i n g  p o i n t s  

w e r e  t a k e n  a s  b e f o r e ,  a n d  t h e  w e i g h t  o f  t h e  t u b e  

c a l c u l a t e d  t o  w i t h i n  0 . 0 1  g r m s .

The c u r r e n t  w as  t h e n  s w i t c h e d  o n  a n d  a d j u s t e d  t o  3 a m p s .
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b y  m ea n s  o f  t h e  r h e o s t a t .  I t  was f o u n d  t h a t  t h e  w e i g h t  

r e c o r d e d  was now t o o  g r e a t ,  so  t h e  r i d e r  was m oved  t o w a r d s  

t h e  l e f t  h a n d  e n d  o f  t h e  beam  u n t i l  two p o s i t i o n s  w e r e  

f o u n d  i n  v /h ic h  t h e  c o m b i n e d  w e i g h t  w as  r e s p e c t i v e l y  t o o  

l i g h t  a n d  t o o  h e a v y .  The w e i g h t  o f  t h e  t u b e  u n d e r  t h e  - 

i n f l u e n c e  o f  t h e  m a g n e t i c  f i e l d  was c a l c u l a t e d  a s  b e f o r e ,  

a n d  t h e  f i n a l  t e m p e r a t u r e  was r e c o r d e d .

To m i n i m i s e  t h e  h e a t i n g  o f  t h e  c o i l s  by  t h e  c u r r e n t ,  

t h e  m a g n e t  was  s w i t c h e d  o f f  b e t w e e n  s u c c e s s i v e  r e a d i n g s ,  

a n d  t h e  r e a d i n g s  t h e m s e l v e s  w e r e  t a k e n  a s  g . u i c k l y  a s  

p o s s i b l e .  R e s u l t s  w e r e  c o n s i d e r e d  u n r e l i a b l e  i f  t h e  

t e m p e r a t u r e  r o s e  m o re  t h a n  1 . d u r i n g  t h e  m e a s u r e m e n t s .  

The m a g n e t  was c o o l e d  by  a n  e l e c t r i c  f a n  i n  b e t w e e n  e a c h  

c o m p l e t e  s e t  o f  m e a s u r e m e n t s .  S e v e r a l  s u c h  m e a s u r e m e n t s  

w e r e  made a n d  a  m e a n  v a l u e  t a k e n .

^  , t h e  c o n s t a n t  o f  t h e  a p p a r a t u s ,  was d e t e r m i n e d  by

f i l l i n g  t h e  t u b e  t o  a  d e f i n i t e  l e n g t h  w i t h  a  p u r e ,  f r e s h l y  

d i s t i l l e d ,  o r g a n i c  l i q u i d ,  a n d  d e t e r m i n i n g  t h e  t o t a l  p u l l  

F ,  a s  d e s c r i b e d .  The p u l l  d u e  t o  t h e  t u b e  was s u b t r a c t e d  

a n d  t h u s  t h e  p u l l  d u e  t o  t h e  l i q . u i d  was o b t a i n e d .  l i q . u i d s  

w e r e  u s e d  i n  p r e f e r e n c e  t o  s o l i d s ,  a s  r e c o r d e d  s u s c e p t i _ _  

b i l i t y  v a l u e s  o f  s o l i d s  p r o v e d  t o  b e  u n r e l i a b l e .

The v o l u m e  o f  t h e  t u b e  was  d e t e r m i n e d  b y  f i n d i n g  t h e  

w e i g h t  o f  p u r e  a c e t o n e  r e i u i r e d  t o  f i l l  t h e  t u b e  u p  t o  t h e  

g i v e n  l e v e l ,  a n d  t h i s  v o lu m e  was u s e d  t h r o u g h o u t  t h e  

d e t e n h i n a t i o n  o f  t h e  c o n s t a n t .
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The a l l o y s  w e r e  t h e n  p l a c e d  i n  t h e  t u b e  a n d  t h e i r

s u s c e p t i b i l i t y  m e a s u r e d .  IVhen a  s a t i s f a c t o r y  v a l u e  h a d  

b e e n  o b t a i n e d  t h e i r  p o s i t i o n  was r e v e r s e d  a n d  a  f u r t h e r  

m e a s u r e m e n t  t a J c e n .  The l e n g t h  a n d  d i a m e t e r  o f  t h e  s t i c k s  

w e r e  m e a s u r e d  b y  V e r n i e r  c a l i p e r s ,  a n d  t h e  v a l u e  c a l c u l a t e d  

The m ea n  m a g n e t i c  s u s c e p t i b i l i t y  v a l u e s  w e r e  p l o t t e d  a g a i n s t  

p e r c e n t a g e  c o m p o s i t i o n ,  a n d  a  c u r v e  o b t a i n e d .

The s t i c k  was  t h e n  p u t  i n  t h e  s e c o n d  t u b e  w h i c h  was 

p l a c e d  i n  a n  e l e c t r i c  f u r n a c e  a n d  c o n n e c t e d  t o  a  M e g a v a c  

pump.  The t e m p e r a t u r e  o f  t h e  f u r n a c e  was k e p t  a t  a  f ew  

d e g r e e s  b e l o w  t h e  m e l t i n g  p o i n t  o f  t h e  a l l o y ,  a n d  t h e  t u b e  

e x h a u s t e d  t o  t h e  l o w e s t  p r e s s u r e  o b t a i n a b l e .  A f t e r  t h r e e  

h o u r s  h e a t i n g  t h e  t u b e  was a l l o w e d  t o  c o o l  s l o w l y ,  a n d  a  

m e a s u r e m e n t  w as  t a k e n .  The a l l o y  was t h e n  a n n e a l e d  f o r  

a  s e c o n d  p e r i o d  o f  t h r e e  h o u r s ,  b u t  no f u r t h e r  c h a n g e  w as  

o b s e r v e d .  The o t h e r  a l l o y s  w e r e  t h e r e f o r e  a n n e a l e d  i n  

v a c u o  f o r  t h r e e  h o u r s ,  a n d  a s  a n  e x t r a  p r e c a u t i o n ,  t h o s e  

l y i n g  o n  w e l l  d e f i n e d  m ax im a  o f  t h e  c u r v e  w e r e  a n n e a l e d  

f o r  s i x  h o u r s .

D e t e r r a i n a t i o n  o f  t h e  c o n s t a n t  o f  t h e  a p p a r a t u s  f o r  a  

g i v e n  l e n g t h  o f  c o lu m n  a n d  a  f f i v e n  f i e l d .

S i n c e  t h e  f o r m u l a  c o n n e c t i n g  t h e  m a g n e t i c  

s u s c e p t i b i l i t y  a n d  t h e  p u l l  o n  a  c o l u m n  o f  m a t e r i a l  v a r i e s  

d i r e c t l y  a s  t h e  l e n g t h  a n d  i s  i n d e p e n d e n t  o f  t h e  c r o s s
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s e c t i o n a l  a r e a ,  t h e  c o n s t a n t  was d e t e r m i n e d  w i t h  o n e  t u b e  

o n l y .

1 . U s i n g  A .R .  T o l u e n e  d r i e d  a n d  d i s t i l l e d .

W e i g h t  o f  t u b e  a n d  s t o p p e r  =

P u l l  o n  t u b e  a l o n e  =

L e n g t h  o f  c o lu m n  

Volume o f  c o lu m n

S u s c e p t i b i l i t y  o f  T o l u e n e  =

T e m p e r a t u r e  =

W e i g h t  o f  t u b e  a n d  T o l u e n e  =

W e i g h t  o f  t u b e  a n d  T o l u e n e  i n  f i e l d  =

P u l l  F d u e  t o  t u b e  a n d  T o l u e n e  =

P u l l  F ^ d u e  t o  f i e l d  o n  T o l u e n e  

W e i g h t  o f  T o l u e n e  =

12.9169 grs .

-0 .00339 grs.

7.36 cms.

3 . 8 1 2 1  C C S .

- 0 . 7 2 9 . 1 0 " ^

I 9° c .

13.95284 grs.

1 5 . 9 4 5 5 9

-0 .00725 grs. 

-0 .00366 grs. 

3.0359 g r s .

Prom  t h e  e q u a t i o n ,  X.10 O.OIv
w w

T h en

1 .  e

- 8 . 7 2 9 0 . 0  3 X 3.8121
3 . 0 3 5 9

^  3 .66
3 . 0 3 5 9

o L  = 0 . 0 3  Z 3 .8121  4- 0 .7 2 9  X  3.0339
3% r

= 0 .626



— 26—

Temp.

19

20

o

T a k in g  f a r t h e r  m e a s u r e m e n t s ,  t h e  r e s u l t s  w ere  a s  f o l l o w s : -  

(1 ) U s in g  A.R, T o lu e n e  d r i e d  and  d i s t i l l e d .

Temp. Wt. o f Wt. o f P u l l  due P u l l  due Wt. o f C o n s t a n t .
t u b e  and 
m a t e r i a l ,  

g r s .

t u b e  a n d  
m a t e r i a l  
i n  f i e l d ,  

g r s .

to  f i e l d  
on t u b e  & 
m a t e r i a l .

F

t o  f i e l d  
o n

m a t e r i a l .
I

p

m a t e r i a l .

g r s .

w

18° 1 5 .9 5 2 9 6 1 3 .9 4 3 6 6 - 0 . 0 0 7 5 0 - 0 . 0 0 3 7 1 3 .0 3 6 1 . 0 . 6 1 8

20° 1 5 .9 4 3 5 9 1 5 .9 4 3 5 9 - 0 . 0 0 7 2 3 - 0 . 0 0 3 6 6 3 .0 3 3 9 -0 .626

19° 1 5 .9 5 2 7 1 1 5 .9 4 3 4 1 - 0 . 0 0 7 5 0 - 0 . 0 0 3 7 1 3 .0 3 6 0 • 0 . 6 1 8

22° 1 5 .9 5 2 4 9 1 5 . 9 4 3 2 5 . 0 . 0 0 7 2 6 - 0 . 0 0 3 6 7 3 .0 3 3 7 - 0 .6 2 6

Mean v a l u e  = 0 . 622".

( 2 ) U s i n g  A.R. A c e to n e  d r i e d  a n d  d i s t i l l e d . ; to

Wt. o f  
t u b e  and  
m a t e r i a l  

g r s .

1 5 .6 9 7 3 2

1 5 .7 0 1 2 8

Wt. o f  
t u b e  a n d  
m a t e r i a l  
i n  f i e l d ,  

g r s .

1 5 .6 9 0 9 7

1 5 . 6 9 4 9 4

P u l l  due 
t o  f i e l d  
on  t u b e  & 
m a t e r i a l .

F

P u l l  due 
t o  f i e l d  

on
m a t e r i a l ,

T

F

- 0 . 0 0 6 3 5  - 0 . 0 0 2 7 6

- 0 . 0 0 6 3 4  - 0 .0 0 2 7 5

Wt. o f  C o n s t a n t ,  
m a t e r i a l .

g r s .

w

2 . 7 8 0 4  - 0 .6 2 2

2 . 7 8 4 4  0 .624

Mean v a l u e  = - 0 .623

( 5 ) U s i n g  A.R. R i t r o b e n z e n e ,  d r i e d  a nd  d i s t i l l e d . /Û

Temp. V/t. o f
t u b e  and  
m a t e r i a l  

g r s .

Wt. o f  
t u b e  a n d  
m a t e r i a l  
i n  f i e l d  

g r s .

P u l l  due P u l l  due
to  f i e l d  t o  f i e l d
on t u b e  & on  
m a t e r i a l ,  m a t e r i a l .

Wt. o f  C o n s t a n t ,  
m a t e r i a l .

g r s .

18° n . 14603 17.13893
p .

- 0 . 0 0 7 1 2
B

- 0 . 0 0 3 3 3

w
4 .2 1 8 9 •0.623
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Temp. Wt. o f  
t u b e  and  
m a t e r i a l ,  

g r s .

wt. o f  
t u b e  and  
m a t e r i a l  
i n  f i e l d ,  

g r s .

P u l l  due 
to  f i e l d  
on  t u b e  & 
m a t e r i a l .

F

P u l l  due 
to  f i e l d  

on
m a t e r i a l .

F '

Wt. o f  
m a t e r i a l .

g r s .

w

Const ;

18 ° 1 7 .1 3 2 1 9 1 7 .1 2 3 0 3 - 0 .0 0 7 1 6 - 0 .0 0 3 3 7 4.2112 0 . 6 1 6

19° 1 7 .1 4 6 0 3 1 7 .1 3 8 9 3 - 0 .0 0 7 1 2 - 0 . 0 0 3 3 3 4 .2 1 9 1 0 . 6 2 3

19 ° 1 7 .1 3 4 8 9 1 7 .1 2 7 8 0 - 0 .0 0 7 0 9 - 0 . 0 0 3 3 0 4 .2077 0 . 6 2 1

Mean v a l u e  = 0.621

V a lu e  o f  c o n s t a n t  u s e d  t h r o u g h o u t  d e t e r m i n a t i o n s

i s  0.622
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DISCUSSIOH OF METHOD

The a p p a r a t u s  i s  n o t  a p p r e c i a b l y  a f f e c t e d  by m a g n e t i c  

s t o r m s  a n d  c h a n g e s  i n  a t m o s p h e r i c  c o n d i t i o n s ,  w h e r e a s  t h i s  

c a u s e  made d e t e r m i n a t i o n s  by t h e  C u r i e  -  C hen eveau  b a l a n c e  

v e r y  d i f f i c u l t  a n d  a t  t i m e s  i m p o s s i b l e .  The a p p a r a t u s  c a n  

be  u s e d  c o n t i n u o u s l y  e v e n  i n  a  s t o r m  a n d  g i v e s  go o d ,  

c o n s i s t e n t  and  r e p r o d u c e a b l e  r e s u l t s .

E v e ry  p r e c a u t i o n  i s  t a k e n  to  k e e p  t h e  a p p a r a t u s  f r e e  

f ro m  d r a u g h t s  a s  t h e  m eth o d  d e p e n d s  on  o s c i l l a t i o n s .  I n  

t h i s  s e t  o f  d e t e r m i n a t i o n s  t h e  w e i g h t s  o f  m a t e r i a l  u s e d  

w e re  s u f f i c i e n t l y  g r e a t  to  be c o m p l e t e l y  u n a f f e c t e d  by 

s l i g h t  d r a u g h t s  due t o  c o n v e c t i o n  c u r r e n t s .

M o i s t u r e  i n  t h e  a tm o s p h e r e  c a u s e s  a n  a l t e r a t i o n  o f  

t h e  d i e l e c t r i c  c o n s t a n t  o f  a i r ,  a n d  t h e  f i e l d  b e tw e e n  t h e  

p o l e s  o f  t h e  e l e c t r o m a g n e t  i s  a f f e c t e d  b u t  o n l y  by a n  

am ount  w h ic h  i s  p r a c t i c a l l y  n e g l i g i b l e .  S i n c e  t h e  m e th od  

o f  m e a su re m e n t  i n v o l v e s  o n l y  w e i g h i n g s ,  i t  i s  p o s s i b l e  to  

c a r r y  o u t  a  c o m p l e t e  s e r i e s  o f  f i v e  o r  s i x  m e a s u r e m e n t s  i n  

a  d a y ,  a n d  t h e r e f o r e  a t m o s p h e r i c  c o n d i t i o n s  a r e  a p p r o x i m 

a t e l y  t h e  same.

The f o r c e  on  t h e  empty t u b e s  was r e d e t e r m i n e d  f rom  

t im e  t o  t im e  d u r i n g  t h e  m e a s u r e m e n t s  a n d  was fo u n d  t o  be  

s e n s i b l y  c o n s t a n t .  V a lu e s  o b t a i n e d  f o r  t h e  s u s c e p t i b i l i t y  

o f  c e r t a i n  o f  t h e  a l l o y s  w ere  f o u n d  t o  be u n c h a n g e d  a f t e r
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an  i n t e r v a l  o f  s e v e r a l  m o n th s ,  sh o w in g  t h a t  c o n s i s t e n t  

r e s u l t s  c a n  he  o b t a i n e d .

S i n c e  i t  i s  i m p o s s i b l e  f o r  t h e  a l l o y s  to  f i t  t h e  t u b e  

e x a c t l y ,  and  a l s o  b e c a u s e  t h e i r  s u r f a c e s  may be  s l i g h t l y  

u n e v e n ,  a  s m a l l  e r r o r  i n  t h e  e x p e r i m e n t a l  work  may a r i s e ,  

due t o  t h e  volume o f  a i r  i n  t h e  t u b e .

A s t i c k  o f  Cadmium was p l a c e d  i n  t h e  s u s c e p t i b i l i t y  

t u b e  i n  t h e  u s u a l  m an n e r  and  i t s  m a g n e t i c  s u s c e p t i b i l i t y  

d e t e r m i n e d .  I t  was t h e n  rem oved  f rom  t h e  t u b e  and  

s u s p e n d e d  by means o f  a  s m a l l  h oo k  s o l d e r e d  on  t o  one e nd .  

The m a g n e t i c  s u s c e p t i b i l i t y  was a g a i n  d e t e r m i n e d  and  was 

fo u n d  to  be  u n c h a n g e d .  Hence i t  i s  e v i d e n t  t h a t  azy  

v a r i a t i o n s  i n  t h e  s u s c e p t i b i l i t y  due to  s l i g h t  

i r r e g u l a r i t i e s  a r e  w i t h i n  t h e  l i m i t s  o f  e x p e r i m e n t a l  e r r o r ,
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C0MP03 I T I 0H OF ALLOYS

(1 ) B i s m u th  -  T h a l l i u m  a l l o y s .

A l l o y .  W eigh t  p e r c e n t a g e  
T h a l l i u m

Mean P e r c e n t a g e  Atoms p e r  c e n t .  
T h a l l i u m  i n

1 . 2 , s t i c k . T l . B i .

A 7 . 28# 7 . 3 8 # 7 . 3 4 # 7 . 5 0 # 9 2 . 5 0 #

B 21.05 21.24 2 1 .1 5 2 1 .5 3 7 8 .4 7

C 2 5 .3 9 2 5 .3 9 2 5 .3 9 2 5 .8 0 7 4 .2 0

D 3 0 .7 8 3 0 .8 2 3 0 .8 0 3 1 .2 2 6 8 . 7 8

E 3 4 .5 9 34.41 3 4 .5 0 3 5 .0 0 6 5 .0 0

P 3 9 .2 8 3 9 .5 6 39.42 40.37 5 9 . 6 3

G 4 7 .0 1 4 7 .0 6 4 7 . 0 4 4 7 .6 0 52.40

H 5 4 . 7 4 5 4 .9 5 5 4 .8 5 55.42 4 4 .5 8

I 6 2 .3 7 6 2 .6 1 6 2 .4 9 6 3 .0 1 3 6 .9 9

J 7 0 .6 5 7 0 .5 8 7 0 . 6 2 7 1 .0 9 2 8 .9 1

K 7 6 . 8 8 7 6 .9 6 7 6 . 9 2 7 7 . 3 4 22.66

L 80 . 8 6 ' 8 1 .4 2 81 .14 8 1 .4 1 1 8 . 5 9

M 9 2 . 6 8 9 2 . 1 4 92 . 41 . 9 2 . 5 8 7 . 4 2
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(2 ) Cn.dmium -  T h a l l i u m  a l l o y s .

• loy . P e r c e n t a g e  w e i g h t  
o f  T h a l l i u m .

Mean P e r c e n t a g e  
o f  T h a l l i u m .

Atoms p e r  c e n t .

1 . 2 . T l . Cd.

A 1 3 .3 0 # 1 3 . 48# 13 . 49# 7 . 91# 92 . 89#

B 19.29 19.37 19.33 11.69 88.31

C 33.36 33.44 33.40 21.63 78 .35

D 41.93 41.93 41.94 28. 47 71 .53

E 31.02 31.23 31.14 36.37 63.43

F 60.30 39.98 60.14 43.40 54.60

Or 70.33 70.61 70.38 56.94 43.06

H 78.77 So. 03 79.41 68.22 31.78

I 87.94 87 .04 87.49 79.43 20.57
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C a l c u l a t i o n  o f  M a g n e t i c  S u s c e p t i b i l i t i e s .

W e ig h t  o f  t u b e  u s e d  f o r  m e a s u r e m e n ts  i n  a i r  
P u l l  on  t u b e  u s e d  f o r  m e a s u r e m e n t s  i n  a i r  
W e ig h t  o f  t u b e  u s e d  f o r  m e a s u r e m e n t s  i n  vacuo  
P u l l  o n  t u b e  u s e d  f o r  m e a s u r e m e n t s  i n  vacuo

f o r  a  l e n g t h  o f  s t i c k  7 . 3 6  cms = 0 . 6 2 2

M a g n e t i c  S u s c e p t i b i l i t y  o f  P u r e  B i s m u th .

1 2 .9 1 6  g r s .
-  0 .0 0 3 3 9  g r s .  

1 3 .2 3 2 1 2  g r s .
-  0 .0 0 1 8 9  g r s .

( 1 ) I n  a i r .

Temp. W e ig h t  o f  
. t u b e  an d  
m a t e r i a l .

W eigh t  o f  
t u b e  an d  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

P u l l  o n  
m a t e r i a l .

0
19 c 39.14603  g r s . 3 9 .0 8 8 7 7  g r e . 0 .0 5 7 2 8  g r s . - 0 . 0 5 3 6 9  g r s

1 8 °  C 39.14626 3 9 .0 8 8 8 6 0 .0 5 7 4 0 - 0 . 0 5 3 8 1
0

20 C 39.14626 3 9 .0 8 8 8 5 0 .0 5 7 4 1 - 0 . 0 5 3 8 2

21° C 3 9 .1 46 2 7 3 9 .0 8 9 1 5 0 .0 3 7 1 2 - 0 . 0 5 3 3 3

20°  C 39.14646 3 9 .0 8 9 4 4 0 .0 5 7 0 2 - 0 . 0 5 3 4 3

( 2 ) A f t e r  a n n e a l i n g i n  v a c u o .

23°C 3 9 .1 3 7 0 8 3 9 .0 9 9 4 2 0 . 0 5 7 6 6 - 0 . 0 5 4 2 9

22°C 3 9 .1 3 7 0 2 3 9 .0 9 9 3 1 0 . 0 5 7 7 1 - 0 . 0 5 4 3 4

23°C 3 9 .1 3 7 0 1 39.09941 0 .0 5 7 6 0 - 0.05424

23°C 42.88821 4 2 .8 3 2 3 3 0 .0 5 3 8 6 - 0 .0 5 3 9 7

24°C 42 .8 88 1 7 4 2 .83207 0 .0 3 6 1 0 - 0 . 0 5 4 2 1

P u l l  o n  empty t u b e  = - 0 . 0033?



-33-

M a g n e t i c  S u s c e p t i b i l i t y  o f  P u r e  B i s m u th .

L e n g t h  o f  s t i c k  = 7 . 4? cms.

D i a m e t e r  o f  s t i c k  = 0 . 6? cms.

W eig h t  o f  m a t e r i a l  = 26.226  g r s .

Mean P u l l  on  M a t e r i a l  (1 ) - 0 . 053?6 g r s .  ( 2 ) - 0.05426  g r s .

^  lO - ^ .  (1 )  - 1 .2 9 2  ( 2 )  - 1 .3 2 0

7 . 4^ X  0 .6 2 2  X  3 3 .7 6  +  0 .0 3  X  X  7 .4 7  X  ( . 3 3 3 )
.6 = 7*3

10 -  _____

2 6 .2 2 6

- 1 .2 9 2



- 5 4 -

BISMUTH -  THALLIUM ALLOYS
A l l o y  A.

(1 ) I n  a i r .

Temp.

2 2 °C

23°C

24°C

24°C

W eig h t  o f  
t u b e  and  
m a t e r i a l .

W eig h t  o f  
t u b e  and 
m a t e r i a l  
i n  f îÆ d.

D i f f e r e n c e  
i n  w e i g h t

P u l l  on  
m a t e r i a l .

3 8 .7 1 1 3  g r s .  3 8 .0 6 3 7 3  g r s .  0 ,0 4 3 8 6  g r s . - 0.04227  g r s .

3 8 .7 1 0 3 0

3 8 .7 1 0 3 1  

3 8 .7 1 0 2 4

3 8 .0 6 4 4 3

38 .0 64 4 1

3 8 .0 6 4 4 2

( 2 ) A f t e r  a n n e a l i n g  i n  v a c u o .

29°C

30°C

30°C

30°C

41.73208  

41.73320

4 1 .7 3 2 0 9  

4 1 .7 3 2 0 3

4 1 .7 0 7 2 3

4 1 .7 07 3 0

41.70731 

4 1 .7 07 2 0

0 .0 4 3 8 7

0 .0 4 3 9 0

0 . 0 4 3 8 2

0 . 0 4 4 8 3

0 .0 4 4 7 0

0 . 0 4 4 7 8

0 . 0 4 4 8 3

- 0.04228

- 0.04231

- 0.04223

-  0.04294  

- 0.04281

- 0 . 0 4 2 8 9  

_ 0.04296

W e ig h t  o f  m a t e r i a l  = 23.794  g r s .

L e n g t h  o f  s t i c k  

D i a m e te r  o f  s t i c k

7 .2 0  cms. 

0 . 6 9  cms.

Mean p u l l  o n  m a t e r i a l  (1 ) - 0.04227  ( 2 ) - 0.04290

(1 ) - 0 .996  ( 2 ) - 1.010' 10



- 3 5 -

A l l o y  B >

(1 ) I n  a i r .

Temp. W eig h t  o f  
t u b e  a nd  
m a t e r i a l .

W e ig h t  o f  
t u b e  a n d  
m a t e r i a l  . 
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

P u l l  on 
m a t e r i a l .

22°C 40 . 47615 g r s . 4 0 .4 5 3 1 4  g r s . 0 . 0 2 3 0 1  g r s . - 0 .0 1 9 4 2  g r s

23°C 4 0 .4 7 6 3 8 40.45324 0 . 0 2 3 1 4 - 0.01955
24°C 4 0 .4 7 4 7 5 4 0 .4 5 1 8 8 0 .0 2 2 8 7 - 0 . 0 1 9 2 8

23°C 40 . 47 470 4 0 .45187 0.02283 - 0 .01924

20°C 4 0 .4 7 4 5 5 40.45154 0.02301 - 0 . 0 1 9 4 2

21°C 40.47471 4 0 .45 1 76 0 .0 2 2 9 5 - 0.01936

( 2 ) A f t e r  a n n e a l i n g i n  v a c u o .

21°C 43.31596 43.49443 0 .0 2 1 5 3 - 0 . 0 1 9 6 4

22°C 4 3 .5 1 8 0 4 43.49646 0 .2158 - 0 . 0 1 9 6 9

23°C 43.51803 43.49655 0.02148 - 0.01959

As t h e  i n c r e a s e  i n  t h e  p u l l  i s  w i t h i n  t h e  l i m i t s  o f  e x p e r i 

m e n t a l  e r r o r ,  no f u r t h e r  m e a s u r e m e n ts  w ere  t a k e n ,  a n d  t h e  

s u s c e p t i b i l i t y  was c o n s i d e r e d  t o  be  u n c h a n g e d .

W e ig h t  o f  m a t e r i a l  = 2?.553  g r s .

L e n g t h  o f  s t i c k  = ? .45  cms.

D i a m e t e r  o f  s t i c k  = 0 .68  cms.

Mean p u l l  on  a l l o y  (1 ) -O .O I9 3 8  g r s .  ( 2 ) - 0.01964  g r s .

( 1 ) - 0 .431  ( 2 ) - 0 .431



- 3 6 -

A l l o y  C.

( 1 ) I n  a i r .

Temp, W eig h t  o f  
t u b e  an d  
m a t e r i a l .

W e ig h t  o f  
t u b e  and  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i ^ t .

P u l l  on  
m a t e r i a l

20°C 41 .B3266 g r s . 4 1 .81 3 91  g r s . 0 .0 1 6 7 3  g r s . - 0 . 0 1 3 1 6

22°C 4 1 .8 3 2 3 6 41 .81 3 80 0 .0 1 6 7 6 - 0 .0 1 3 1 7

23°C 4 1 .8 32 3 7 4 1 .8 1 3 8 4 0 . 0 . 6 7 3 - 0 . 0 1 3 1 4

21° C 41 .8 3260 4 1 .8 1 3 7 8 0 .0 1 6 8 2 - 0 . 0 1 3 2 3

23°C 4 1 .8 3 2 4 3 4 1 .8 1 36 2 0 .0 1 6 8 3 - 0 . 0 1 3 2 4

( 2 ) A f t e r  a n n e a l i n g i n  v a c u o .

22°C 4 4 .9 6 8 6 4 44 .93 2 89 0 .0 1 3 7 3 - 0 . 0 1 3 8 6

23°C 4 4 .9 6 6 7 1 44 .93310 0 .0 1 3 6 1 - 0 . 0 1 3 7 2

24°C 4 4 .9 6 8 8 4 44 .9 3 30 6 0 .0 1 3 7 8 - 0 . 0 1 3 8 9

24°C 4 4 .9 6 8 8 8 4 4 .9 3 2 9 3 0 .0 1 3 9 3 - 0.01406

W e ig h t  o f  a l l o y  

L e n g t h  o f  a l l o y  

D i a m e t e r  of a l l o y

2 9 .9 1 3  g r s  

7 . 3 5  cms. 

0 . 6 7  cms.

Mean p u l l  on  a l l o y  (1 ) -O .O I3 19  g r s .  ( 2 ) -O .O I3 8 8  g r s .

610 ( 1 )  - 0 . 2 8 6 ( 2 )  - 0 .3 0 4



A l l o y  D.

- 5 7 -

( 1 ) I n  a i r .

Temp.

26°C

27°C

24°C

23°C

W eigh t  o f  
t u b e  and  
m a t e r i a l .

W eig h t  o f  
t u b e  and  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

P u l l  on  
m a t e r i a l .

4 2 .9 4 3 0 0  g r s .  4 2 .93489  g r s .  0.01011  g r s .  -O.OO632 g r s .

4 2 .94497

4 2 .9 4 4 9 0

4 2 .9 4 3 2 4

4 2 .9 3 4 9 1

4 2 .9 3 4 8 3

4 2 .9 4 3 1 8

0 .0 1 0 0 6

0 .0 1 0 0 7

0 .0 1 0 0 6

- 0 . 0 0 6 4 7

- 0.00648

- 0 . 0 0 6 4 7

( 2 ) A f t e r  a n n e a l i n g  i n  vacuo

21°C

22°C

22°C
0

21 c

4 3 .9 8 4 3 1

4 3 .98439

4 3 .9 8 4 2 0

4 3 .9 8 4 3 0

43 .97367

43 .97380

4 3 .9 7 3 6 6

4 3 .9 7 3 8 3

0 . 0 0 8 6 4

0 .0 0 8 3 9

0 . 0 0 8 3 4

0 . 0 0 8 4 3

- 0 . 0 0 6 7 3  

- 0 . 0 0 6 7 0  

—0 . 0 0 6 6 3  

- 0 . 0 0 6 3 6

W e ig h t  o f  a l l o y  = 30.028  g r s .

L e n g t h  o f  a l l o y  = 7.47  cms.

D i a m e t e r  o f  a l l o y  = O.69 cms.

M e a n ' p u l l  on  a l l o y  (1 ) - 0.00648  g r s .  ( 2 ) -O.OO667

Y l O ' ’*" (1 ) - 0 .1 3 3  ( 2 ) - 0.137



A l l o y  E.

( 1 ) I n  a i r .

— 38—

Temp.

23°C
0

23 c

26°C

2é°C

W eig h t  o f  
t u b e  a n d  
m a t e r i a l .

W eig h t  o f  
t u b e  a n d  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

P u l l  on  
m a t e r i a l .

42 .7 9 81 9  g r s .  4 2 .7 9 0 1 4  g r s .  0 . 0 0 6 0 5  g r s .  - 0.00446  g r s  

4 2 .7 9 8 1 8  42.79014  0.00804  - 0 . 0 0 4 4 5

4 2 .7 9 8 1 1  4 2 .7 9 0 1 1  0 . 0 0 8 0 0  - 0.00441

4 2 .7 9 7 9 2  4 2 .7 8 9 9 2  0 .0 0 8 0 0  - 0.00441

( 2 ) A f t e r  a n n e a l i n g  i n  v a c a o .

25°C 4 6 .1 3 2 1 1

26°C 4 6 .1 3 2 1 5

4 6 .12577

4 6 .1 2 5 7 8

0 . 0 0 6 3 4

0 .0 0 6 3 7

-  0 . 0 0 4 4 5

-  0 . 0 0 4 4 8

W eig h t  o f  a l l o y  = 2 9 .8 8 1  g r s .

L e n g t h  o f  s t i c k  = 7*43 cms.

D i a m e t e r  o f  s t i c k  = O.69 cms.

Mean p u l l  on  a l l o y  (1 ) - 0.00443  g r s .  ( 2 ) u n c h a n g e d .

6
.10 (1 ) - 0 .090 (2 )  unchanged.



A l l o y  P.

- 3 9 -

( 1 ) I n  t h e  a i r .

Temp.

22°C

22°C

24°C

24°C

W eig h t  o f  
t u b e  and  
m a t e r i a l .

W eig h t  o f  
t u b e  and 
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

P u l l  on 
m a t e r i a l .

4 1 .7 7 0 6 3  g r s .  4 1 .7 6 0 1 4  g r s .  0 .0 1 0 4 9  g r s . - 0 . 0 0 6 9 0  g r s

4 1 .7 7 0 3 7

4 1 .7 7 0 3 6

41 .7 7 0 3 9

4 1 .73 9 86

41.73991

41 .7 6 0 1 3

0 .0 1 0 3 1

0 . 0 1 0 4 3

0.01046

- 0 .0 0 6 9 2

- 0 . 0 0 6 8 6

- 0 . 0 0 6 8 7

( 2 ) A f t e r  a n n e a l i n g  i n  v a c u o .

23°C 4 3 .8 0 0 6 2

24°C 43 .8 00 8 7

4 3 .7 9 1 6 3

4 3 .7 9 1 7 8

0 .0 0 8 9 9

0 .0 0 8 9 9

-  0 .0 0 7 1 0  

- 0 . 0 0 7 1 0

W e ig h t  o f  s t i c k  = 2 8 .8 3 3  g r s .

L e n g t h  o f  s t i c k  = 7 «33 cms.

D i a m e te r  o f  s t i c k  = 0 .684  cms.

Mean p u l l  on  s t i c k  (1 ) O.OO689 g r s .  ( 2 ) O.OO7IO g r s .

(1 ) - 0.143> 1 0  ^

The d i f f e r e n c e  was c o n s i d e r e d  a s  b e i n g  w i t h i n  t h e  l i m i t s  

o f  e x p e r i m e n t a l  e r r o r .



A l l o y  G-.

- 4 0 -

(1 ) I n  a i r .

Temp.

0
24 C 

23°C 

23°C 

22°C

W e ig h t  o f  
t u b e  and  
m a t e r i a l .

W eig h t  o f  
t u b e  an d  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

P u l l  on  
m a t e r i a l .

4 3 .0 2 6 1 8  g r s .  43 .0 1 3 4 2  g r s .  0 . 0 1 0 7 6  g r s .  -O.OO717 g r s

4 3 .0 2 6 1 4

4 3 .0 2 6 9 4

4 3 .02 6 70

43 .0 13 3 9

43 .0 16 1 2

4 3 .0 1 3 8 8

0 . 0 1 0 7 5

0 .0 1 0 8 2

0 .0 1 0 8 2

- 0 . 0 0 7 1 6

- 0 . 0 0 7 2 3

- 0 . 0 0 7 2 3

( 2 ) A f t e r  a n n e a l i n g  i n  vacuo

23°C

23°C

22°C

23°C

4 6 .05307

4 6 .0 5 3 0 2

4 6 .0 5 3 1 5

46.05314

46.04420

46.04414

46.04419

46.04426

0 .0 0 8 8 7  

0 . 0 0 8 8 8  

0 . 0 0 8 9 6  

0 . 0 0 8 8 8

-  0 . 0 0 6 9 8  

- 0 . 0 0 6 9 9  

- 0 . 0 0 7 0 7  

- 0 . 0 0 6 9 9

W e ig h t  o f  s t i c k  

L e n g t h  o f  s t i c k  

D i a m e t e r  o f  s t i c k

= 3 0 .1 0 9  g r s .

= 7 . 3 6  cms.

= 0 . 6 9  cms.

Mean p u l l  on s t i c k  ( 1 )  - 0 . 0 0 7 2 0  g r s .  ( 2 )  - 0 . 0 0 7 0 1

•610 (1 ) - 0.150 ( 2 ) , - 0.147



- 4 1 -

A l l o y  H.

( 1 ) I n  a i r .

Temp. W eig h t  o f  
t u b e  and  
m a t e r i a l .

W eig h t  o f  
t u b e  an d  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

P u l l  o n  
m a t e r i a l .

20°C 4 2 .3 6 3 6 6  g r s . 4 2 .3 3 32 9  g r s . 0 .0 1 0 3 7  g r s . - 0 . 0 0 6 7 8  g r s
0

21 C 4 2 .36367 4 2 .3 6 5 ? ? 0 . 0 1 0 3 4 - 0 . 0 0 6 7 5

21°C 4 2 .3 6 3 7 2 4 2 .3 6 5 3 9 0 .0 1 0 3 3 - 0 . 0 0 6 7 4

22°C 4 2 .3 6 3 6 3 42 .35 53 0 0 .0 1 0 3 5 -O .O O 676

23°C 4 2 .3 6 3 6 3 4 2 .3 5 5 2 8 0 . 0 1 0 3 8 - 0 . 0 0 6 7 9

( 2 ) A f t e r  a n n e a l i n g i n  v a c u o .

22°C 4 3 .6 9 1 9 1 4 5 .6 8 3 4 1 0 .0 0 8 5 0 -  0 . 0 0 6 6 1

23°C 4 3 .6 9 1 8 8 4 5 .6 8 3 4 0 0.00848 -  O.OO659

24°C 4 3 .6 9 2 1 3 4 5 .6 8 3 6 0 O.OO855 -  0.00666
0

24 C 43 .6 9 1 9 9 45 .6 8 3 5 0 O.OO849 -  0 .0 0 6 6 0

W e ig h t  o f  a l l o y  

L e n g t h  o f  a l l o y  

D i a m e t e r  o f  a l l o y

2 9 .448  g r s .  

7.242  cms. 

0 .6 8 0  cms •

Mean p u l l  on  s t i c k  (1 ) 0.00676  g r s .  ( 2 ) O.OO66O g r s .

'6
( 1 )  - 0 . 1 3 8 ( 2 )  - 0 . 1 2 5



A l l o y  I .

( 1 ) I n  a i r .

- 4 2 -

Temp,

20°C

22°C

22°C

22°C

W eight o f  
tu b e  and 
m a t e r i a l .

W eight o f  
tub e  and 
m a t e r ia l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e ig h t .

P u l l  on  
m a t e r i a l .

4 3 .5 0 1 5 0  g r s .  4 3 .4 9 2 2 9  g r s .  0 .0 0 9 2 1  g r s .  - 0 . 0 0 5 6 2  g r s .

0 .0 0 9 2 2  - 0 . 0 0 5 6 3

0 .0 0 9 1 7  - 0 .0 0 5 3 8

0 .0 0 9 2 2  - 0 . 0 0 5 6 3

4 3 .5 0 1 5 4  g r s .  4 3 .4 9 2 3 2  

4 3 .5 0 1 8 1  4 3 .4 9 2 6 4

43 .5 0 1 6 7  4 3 .4 9 2 4 5

( 2 ) A f t e r  a n n e a l in g  i n  v a c u o .

24°C

25°C

26°C

26°C

4 6 .5 3 3 3 6

46.33333

4 6 .3 3 3 4 3

46.33339

4 6 .3 2 6 2 3

4 6 .5 2 6 1 7

4 6 .5 2 6 1 5

4 6 .5 2 6 2 6

0 . 0 0 7 3 3

0 .0 0 7 3 6

0 .0 0 7 3 0

0 .0 0 7 3 3

- 0 . 0 0 5 4 4  

- 0 .0 0 5 4 7  

-  0 .0 0 5 4 1  

- 0 . 0 0 5 4 4

W eight o f  a l l o y  

L en gth  o f  a l l o y  • 

D ia m eter  o f  a l l o y

3 0 .5 8 4  g r s .  

7 .5 3  cms. 

0 .6 8  cms.

Mean p u l l  on  a l l o y  (1 ) O.OO562 g r s .  ( 2 ) 0 .00544  g r s

J  " 6
10 ( 1 )  - 0 . 1 1 4 (2) -0 .110



A l l o y  J .

- 4 3 -

(1 ) I n  a i r .

Temp,

24°C

23°C

26°C

27°C

W e ig h t  o f  
t u b e  and  
m a t e r i a l .

W eig h t  o f  
t u b e  a n d  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

P u l l  on  
m a t e r i a l .

46.01755  g r s .  46.01101  g r s ,  0 .00654  g r s . -  0 .00295  g r s

46.01764

4 6 .0 1 7 8 1

4 6 .0 1 7 8 4

46.01112

4 6 .0 1 1 3 2

4 6 .0 1 1 2 8

0 .0 0 6 5 2

0,00648

0 .0 0 6 5 6

-  0 . 0 0 2 9 5

- 0 , 0 0 2 9 5

- 0 ,0 0 2 9 7

( 2 ) A f t e r  a n n e a l i n g  i n  v a c u o .

0
23 C

0
24 C 

0
22 C

0
23 C

4 9 .0 5 5 8 5

4 9 .0 5 5 8 5  

4 9 .0 5 5 7 0  

4 9 .0 5 5 7 2

4 9 .0 5 1 2 6

4 9 .0 5 1 2 5

4 9 .0 5 1 1 4

4 9 .0 51 1 7

0.00457

0 . 0 0 4 5 8

0 .0 0 4 5 6

0 . 0 0 4 5 5

-  0 . 0 0 2 6 8

- 0 .0 0 2 6 9

-  0 .0 0 2 6 7

-  0 . 0 0 2 6 6

W e ig h t  o f  a l l o y  

L e n g t h  o f  a l l o y

3 4 .1 0 0  g r s .  

7 .5 5  cms.

D i a m e t e r  o f  a l l o y  = 0 .6 8  cms.

Mean p u l l  o n  a l l o y  (1 ) 0.00295  g r s .  ( 2 ) 0 . 0026? g r s .

.6
\ 1 0 ( 1 )  - 0 , 0 5 9 ( 2 )  - 0 . 0 3 4



A l l o y  K.

- 4 4 -

( 1 ) In  a i r .

Temp.

17°C

l 8°C
0

20 C 

21*0

W eight o f  
tuh e  and 
m a t e r i a l .

W eight o f  
tu h e  and 
m a t e r ia l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e ig h t .

P u l l  on  
m a t e r i a l .

4 3 .5 1 2 0 8  g r a .  4 3 .5 0 2 8 2  g r s .  O.OO926 g r s .  - 0 . 0056? gra

4 3 .5 1 2 1 5

4 3 .5 1 2 1 8

4 3 .5 1 2 0 4

4 3 .5 0 2 8 5  

4 3 .5 0 2 9 1  

4 3 .5 0 2 7 5

0 .0 0 9 3 0

0 .0 0 9 2 7

0 .0 0 9 2 9

- 0 . 0 0 5 7 1  

- 0 .0 0 5 6 8  

- 0 . 0 0 5 7 0

( 2 ) A f t e r  a im e a l ln g  i n  v a cu o .

27°C

26°C

27°C

27°C

46.51955

46.51940

4 6 .5 1 9 4 1

4 6 .5 1 9 5 6

46 .5 1 1 8 2  

4 6 .5 1 1 8 6  

4 6 .5 1 1 9 1  

4 6 .5 1 1 8 0

0 .0 0 7 5 5

0 .0 0 7 5 4

0 .0 0 7 5 0

0 .0 0 7 5 6

- 0 .0 0 5 6 4

-  0 .0 0 5 6 5  

* 0 .0 0 5 6 1

-  0 .0 0 5 6 7

W eight o f  a l l o y  

l e n g t h  o f  a l l o y  

D ia m eter  o f  a l l o y

5 0 .5 9 5  gra  

7 .40  cma. 

0 .6 7 6  cma

Mean p u l l  on  a l l o y  (1 ) O.OO569 g r a .  ( 2 ) 0 .00564  gra  

_ /  6
> 1 0  ( 1 )  - 0 .1 1 7  ( 2 )  - 0 . 1 1 2



A l l o y  I#

— 45—

( 1 ) I n  a i r .

Temp,

23°C

24°C
0

23 C 
0

24 C

W e i ^ t  o f  
tu h e  and  

m a t e r i a l .

W eight o f  
tu h e  and 
m a t e r ia l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e ig h t .

P u l l  on  
m a t e r i a l .

43.24112 g r s .  43.23190 g r s .  0.00922 g r s .-0 .0 0 3 6 3  g r s .

43.24112

43.24100

43.24099

4 3 .2 3 1 8 6

4 3 .2 3 1 7 6

4 3 .2 3 1 7 0

0 .0 0 9 2 6

0 . 0 0 9 2 4

0 . 0 0 9 2 9

-  0 .0 0 3 6 7

-  0 . 0 0 3 6 3

-  0 .0 0 3 7 0

( 2 ) A f t e r  a n n e a l in g  i n  v acu o .

22°C

23*0
0

21 C 
0

21 C

4 8 .4 2 6 9 2

4 8 .4 2 6 9 4

4 8 .4 2 7 0 3

48.42614

48.41917

4 8 .4 1 9 0 9  

4 8 .4 1 9 2 3  

4 8 .4 1 8 3 4

0 . 0 0 7 7 5

0 . 0 0 7 8 3

0 .0 0 7 8 0

0 .0 0 7 8 0

- 0 .0 0 3 8 6

-  0 . 0 0 3 9 6

-  0 . 0 0 3 9 1

-  0 . 0 0 3 9 1

W eight o f  a l l o y  

L ength  o f  a l l o y  

D ia m eter  o f  a l l o y

3 2 .3 2 4  g r s .  

7,57  cms. 

0 .6 9  cms.

Mean p u l l  on a l l o y  ( 1 )  O.OO366 g r s .  (2 ) 0 . 0 0  391 g r s .

.̂6
10 ( 1 )  - 0 . 1 1 0 ( 2 )  - 0 . 1 1 4



A l l o y  M.

— 4é—

( 1 ) In  a i r .

Temp,

21° C 

20°C 

21° C 

22°C 

20° C

W eight o f  
tu b e  and  
m a t e r i a l .

4 4 .8 0 1 3 4  g r s

4 4 .8 0 1 2 6  

44 . 80122
r

4 4 .8 0 1 2 6  

4 4 .8 0 1 2 8

W eight o f  
tub e  and  
m a t e r ia l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e ig h t .

P u l l  on  
m a t e r i a l .

4 4 .7 8 9 3 1  g r s .  0 .0 1 1 8 3  g r s . - 0 . 0 0 8 2 4  g r s .  

4 4 .7 8 9 4 3  0 .0 1 1 8 1  -  0 .0 0 8 2 2  g r s .

4 4 .7 8 9 4 2  0 .0 1 1 8 0  - 0 . 0 0 8 2 1

4 4 .7 8 9 4 6  0 .0 1 1 8 0  - 0 . 0 0 8 2 1

4 4 .7 8 9 4 9  0 .0 1 1 7 9  -  0 .0 0 8 2 0

( 2 ) A f t e r  a n n e a l in g  i n  vacu o .

27°C

28° c
26°C

27°C

4 7 .8 4 4 0 3  g r s .  4 7 .8 3 3 9 9  

4 7 .8 4 4 0 9  4 7 .8 3 4 1 8

47.84212  4 7 .8 3 2 1 4

47.84219  4 7 .8 3 2 2 2

W eight o f  a l l o y  =

L en g th  o f  a l l o y  =

D iam eter  o f  a l l o y  =

3 1 .8 8 4  g r s  

7 .3 3  cms. 

0 .6 8  cms.

0 .01004

0 .0 0 9 9 1

0 .0 0 9 9 8

0 .0 0 9 9 7

Mean p u l l  on a l l o y  (1 ) 0.00822  ( 2 ) O.OO808

'6

-  0 .00813

-  0 .0 0 8 0 2

- 0 .0 0 8 0 9  

.  0 .0 0 8 0 8

>  10 (1 ) - 0 .1 6 1  ( 2 ) - 0 .139



P u re  T h a ll iu m

—47—

Temp,

20°C

21*0

20°C

20°C

W eight o f  
tuh e  and 
m a te r ia l#

W eight o f  
tu h e  and 
m a t e r ia l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e ig h t .

P u l l  on  
m a te r ia l#

4 3 .8 2 8 1 3  g r s .  4 3 .8 1 3 3 8  g r s .  0 .01473  g r s .  - 0.01116  g r s

4 3 .8 2 8 1 2

4 3 .8 2 8 1 6

4 3 .8 2 7 9 3

4 3 .8 1 3 3 8

4 3 .8 1 3 3 8

4 3 .8 1 3 2 0

0 .0 1 4 7 4

0 .0 1 4 7 8

0.01473

-  0 .0 1 1 1 3  

- 0 . 0 1 1 1 9  

- 0.01116

W eight o f  a l l o y  = 3O.911 g r s .

L ength  o f  a l l o y  = 7 .3 3  cms.

D iam eter  o f  a l l o y  = 0 .6 8  cms.

Mean p u l l  on a l l o y  = O .I I I 7  g r s .  

610 - 0 . 2 2 3  g r s .

When an a t te m p t  was made to  a n n e a l  th e  T h a ll iu m  i n  v a cu o ,  

th e  m e ta l  a t t a c k e d  th e  g l a s s ,  fo rm in g  a y e l l o w  f i l m .



Cadmium

- 4 8 -

Temp,

20°C

20^0
0

21 C
0

21 C

W eight o f  
tuh e  and 
m a t e r i a l .

W eight o f  
tuhe and 
m a t e r ia l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e ig h t .

P u l l  on  
m a t e r i a l .

3 6 .3 3 3 6 7  g r s .  3 6 .3 4 3 8 4  g r s .  0 .0 0 9 8 3  g r s . - 0 . 0 0 6 2 4  g r s .

3 6 .3 3 3 6 7  3 6 .3 4 3 8 6  0 .0 0 9 8 1  - 0 . 0 0 6 2 2

3 6 .3 3 3 7 7  3 6 .3 4 6 0 0  0 .0 0 9 7 7  - 0 . 0 0 6 1 8

3 6 .3 3 3 8 0  3 6 .3 439 7  0 .0 0 9 8 3  - 0 .00624

The se c o n d  s e r i e s  o f  m easurem ents c o u ld  n o t  he made a s  th e  

Cadmium v o l a t i l i s e d  i n  a vacuum.

W eight o f  a l l o y  =

L ength  o f  a l l o y  =

D iam eter  o f  a l l o y  =

2 3 .6 3 8  g r s .

7 .4 7  cms. 

0 .6 9  cms.

Mean p u l l  on a l l o y  = - 0.00622  g r s .

.610 » - O . I 6 3



-49-

CAIMIUM -  THALLIUM ALLOYS

A l l o y  A.

Temp,

22°C

23°C

W eight o f  
tuh e  and 
m a t e r i a l .

W eight o f  
tuh e  and 
m a t e r ia l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e ig h t .

P u l l  on  
m a t e r ia l ,

24°C 3 7 .2 3 8 7 0

3 7 .2 3 8 4 3  g r s .  3 7 .2 2 8 0 9  g r a .  0 .0 1 0 3 6  g r s . -  0.00677  g r s .

3 7 .2 3 8 4 5  3 7 .2 2 8 0 9  0 .0 1 0 3 6  -  0 .0 0 6 7 7

3 7 .2 2 8 3 4  0 .0 1 0 3 6  -  0 .0 0 6 7 7

W eight o f  a l l o y  =

L en gth  o f  a l l o y  =

D ia m eter  o f  a l l o y  =

24 .321  g r s .  

7 .3 0  cms. 

0 .6 9  cms.

Mean p u l l  on a l l o y  = - 0.00677  g r s

i 6
10 = - 0 .1 7 4

UK



A l l o y  B.

- 30-

( 1 )  I n  a i r .

Temp,

21° c

22°C
0

22 C
0

23 C

W eight o f  
tub e  and  
m a t e r i a l .

W eight o f  
tub e  and  
m a t e r ia l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e ig h t .

P u l l  on  
m a t e r i a l .

3 6 .8 7 7 0 6  g r s .  3 6 .8 6 6 6 3  g r s .  0.01041  g r s . -  0.00682  g r s .

3 6 .8 7 7 1 3  

3 6 .8 7 7 1 1  

3 6 .8 7 6 8 6

36 .8 6 6 6 7  

3 6 .8 6 6 6 3  

3 6 .8 6 6 4 0

0.01043

0.01046

0.01046

-  0.00686

-  0 .0 0 6 8 7

-  0 .00687

( 2 ) A f t e r  a n n e a l in g  i n  v acu o .

30°C
0

31 C

30°C 

51° C

40.20336  

4 0 .2 0 3 3 2  

4 0 .2 0 3 4 3

4 0 .2 0 3 3 6

4 0 .1 9 6 4 0

4 0 .1 9 6 6 0

4 0 .1 9 6 3 1

40.20639

0 .0 0 8 9 6

0 .0 0 8 9 2

0 .0 0 6 9 2

0 .0 0 8 9 7

- 0 .0 0 7 0 7

-  0 .0 0 7 0 3  

- 0 . 0 0 7 0 3

-  0 .0 0 7 0 8

W eight o f  a l l o y  = 23.908  g r s .

L ength  o f  a l l o y  = 7 .46  cms.

D ia m eter  o f  a l l o y  = 0 .6 8  cms. .

Mean p u l l  on  a l l o y  (1 )  0 ,0 0 6 8 7  g r s .  ( 2 )  O.OO708 g r s .

•6
10 (1 ) - 0 .1 7 8 ( 2 ) - 0 .182



A l l o y  C.

- 3 1 -

Temp,

0
22 C 

23°C 

22°C 

23°C

W eig h t  o f  
t u h e  an d  
m a t e r i a l .

W eig h t  o f  
t u h e  and  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

3 8 .0 3 3 5 7  g r s .  3 8 .0 2 4 3 8  g r s .  0 .0 1 1 3 9  g r s .

3 8 .0 3 9 6 3  3 8 .0 2 8 2 3  0.01140

3 8 .0 3 3 7 7  3 8 .0 2 4 3 6  0.01141

3 8 .0 3 9 6 6  3 8 .0 2 8 2 6  0.01140

P u l l  o n  
m a t e r i a l .

- 0 .0 0 7 8 0  g r s .  

- 0 .0 0 7 8 1  

- 0 .0 0 7 8 2  

- 0 .0 0 7 8 1

W e ig h t  o f  a l l o y  = 2 3 . I I 8  g r s .

L e n g th  o f  a l l o y  = 7 .42  cms.

D ia m e te r  o f  a l l o y  = O .69 cms.

Mean p u l l  o n  a l l o y  = O.OO78I g r s

10 = —0 .1 9 2
- ,.6



A l l o y  D.

- 3 2 -

( 1 ) I n  a i r .

Temp,

0
24 C 

0
24 C 

0
23 C 

0
24 C

W e ig h t  o f  
t u h e  an d  
m a t e r i a l .

W eig h t  o f  
t u h e  and  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

39.14026  g r s .  39.12848  g r s .  O .O II7 8  g r s .  

39.14028  3 9 .1 2 8 4 9  0 .0 1 1 7 9

3 9 .1 4 0 3 4  3 9 .1 2 8 3 8  0 .0 1 1 7 6

39.14043  3 9 .1 2 8 6 1  0 .0 1 1 8 2

P u l l  on  
m a t e r i a l .

- 0 .0 0 8 1 9  g r s .  

- 0.00820  

- 0 .0 0 8 1 7  

- 0 .0 0 8 2 3

( 2 ) A f t e r  a n n e a l i n g  i n  v a c u o .

28°C

28*0

4 2 .1 7 6 7 0  g r s .  4 2 .1 6 6 3 0  

4 2 .1 7 6 6 8  42.16646

0 .0 1 0 2 0

O .O I022

- 0 .0 0 8 3 1

- 0 .0 0 8 3 3

W e ig h t  o f  a l l o y  = 26.223  g r s .

l e n g t h  o f  a l l o y  = 7 .4 3  cms.

D ia m e te r  o f  a l l o y  = 0 .6 8  cms.

Mean p u l l  o n  a l l o y  » - 0.00820  g r s .

•610 = - 0 .1 9 4

The d i f f e r e n c e  i n  (1 ) an d  X 2 ) i s  w i t h i n  t h e  l i m i t s  o f  

e x p e r i m e n t a l  e r r o r .



A lloy E,

-33 -

Temp,

I T C  

18 °  C 

19°C 

19°0

W eig h t  o f  
t u h e  a n d  
m a t e r i a l .

W eig h t  o f  
t u h e  a n d  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

P u l l  on  
m a t e r i a l

40.03232  g r a .  40.04069  g r s .  0 .01213  g r s .  

4 0 .0 3 2 7 3  40.04060  0 .0 1 2 1 3

4 0 .0 3 2 6 4  40.04031  0 .0 1 2 1 3

4 0 .0 3 2 3 0  40.04036  0.01214

- 0 . 0 0 8 3 4  g r s

-  0 .0 0 8 3 6

- 0 .00834

-  0 .0 0 8 3 3

W e ig h t  o f  a l l o y  =

L e n g th  o f  a l l o y  =

D ia m e te r  o f  a l l o y  =

2 7 .1 3 3  g r s .  

7 .4 9  cms. 

0 .6 9  cms.

Mean p u l l  on  a l l o y  = - 0.00833  g r s .

.610 = —0 .1 9 6



A l l o y  F.

—34—

(1 ) I n  a i r .

Temp

23*C

24°C
0

21 C 

22°C

W e ig h t  o f  
t u h e  a n d  
m a t e r i a l .

W e ig h t  o f  
t u h e  a n d  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

P u l l  o n  
m a t e r i a l .

39.62553  g r a .  39.61312  g r s .  0.01243  g r s . - 0 .00884  g r s .

3 9 .6 2 3 3 0

3 9 .6 2 3 4 4

3 9 .6 2 3 3 5

3 9 .6 1 3 1 2

3 9 .6 1 3 0 7

3 9 .0 1 3 1 8

0 .0 1 2 3 8

0 .0 1 2 3 7

0 .0 1 2 3 6

- 0 . 0 0 8 7 9

- 0 . 0 0 8 7 8

- 0 . 0 0 8 7 8

( 2 ) A f t e r  a n n e a l i n g  i n  v a c u o .

o
20 0 

21°C 

21° C 

20°C

4 2 .9 6 1 4 7

4 2 .9 6 1 6 7

4 2 .9 6 1 3 0

4 2 .9 6 1 3 6

42.95108

4 2 .9 5 1 2 9

4 2 .9 6 1 0 3

4 2 .9 3 1 0 3

0 .0 1 0 3 9

0 .0 1 0 3 9

0.01043

0 .0 1 0 3 1

- 0 . 0 0 8 3 0  g r s  

- 0 . 0 0 8 3 0  

- 0 . 0 0 8 3 6  

-  0 .0 0 8 6 2

W e ig h t  o f  a l l o y  = 2 6 .7 0 8  g r s .

L e n g th  o f  a l l o y  = 7 .20  cms.

D ia m e te r  o f  a l l o y  = ' O .67 cms.

Mean p u l l  on  a l l o y  ( 1 )  -O.OO88O g r s .  ( 2 )  -O.OO834 g r s .

■610 ( 1 ) - 0 .1 9 8 ( 2 )  - 0 . 1 8 4



A l l o y  G.

- 5 5 -

Temp.

22°C

24°C

24°C

23°C

W eig h t  o f  
t u h e  a n d  
m a t e r i a l #

W eig h t  o f  
t u h e  a n d  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

4 2 .1 8 2 8 8  g r s .  4 2 .1 6 9 5 5  g r s .  0 .0 1 3 5 5  g r s .

4 2 .1 8 2 8 2  4 2 .1 6 9 5 9  0 .0 1 5 2 6

4 2 .1 8 5 0 6  4 2 .1 6 9 7 0  0 .0 1 5 5 6

4 2 .1 8 5 0 0  4 2 .1 6 9 6 8  0 .0 1 5 5 2

P u l l  on  
m a t e r i a l .

- 0 .0 0 9 7 4  g r s .

- 0 .0 0 9 6 7

-0 .0 0 9 7 7

- 0 .0 0 9 7 5

W eig h t  o f  a l l o y  = 2 9 .2 6 5  g r s .

L e n g th  o f  a l l o y  = 7 .57  cms.

D ia m e te r  o f  a l l o y  = O .69  cms.

Mean p u l l  on  a l l o y  = - 0.00975  g r s .

610 =  - 0.200



A l l o y  H.

( 1 ) I n  a i r .

-  56—

Temp. W e ig h t  o f  
t u h e  an d  
m a t e r i a l .

W eig h t o f  
t u h e  and  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

P u l l  on  
m a t e r i a l .

23^0 42.07421  g r s . 4 2 .0 6 0 6 9  g r s • 0 .0 1 5 5 2  g r s . - 0 . 0 0 9 9 5  g r s .

2é°C 4 2 .0 7 4 2 5 42.06064 0 .0 1 5 5 9 - 0.01000

23°C 4 2 .0 7 4 5 5 4 2 .0 6 0 9 4 0 .0 1 5 5 9 - 0.01000

24°C 42.07440 4 2 .0 6 0 7 4 0 .0 1 5 6 6 - 0 .0 1 0 0 7

( 2 ) A f t e r  a n n e a l i n g i n  v a c u o .

0
21 C 4 5 .1 1 4 9 5 4 5 .1 0 2 8 5 0.01212 - 0 .0 1 0 2 5

0
25 C 4 5 .1 1 5 0 1 4 5 .1 0 2 8 2 0 .0 1 2 1 9 -0 .0 1 0 5 0

21°C 45.11477 45 .1 0 2 5 9 0 .0 1 2 1 8 -0 .0 1 0 2 9

21° 0 45 .1 1 4 8 7 4 5 .1 0 2 6 1 0 .0 1 2 2 6 -0 .0 1 0 5 7

W e ig h t  o f  a l l o y  = 2 9 .1 5 7  g r s .

l e n g t h  o f  a l l o y  = 7 .5 2  cms.

D ia m e te r  o f  a l l o y  = 0 .6 8  cms.

Mean p u l l  o n  a l l o y ( 1 ) - 0.01000 g r s .  ( 2 ) - 0 . 01057 g r s .

i 10
•6

(1 )  - 0 .2 1 6 ( 2 ) - 0 . 225



A l l o y  I .

- 9 7 -

Temp,

23°C

24°C

24°C

25*0

W eig h t  o f  
t u h e  a n d  
m a t e r i a l *

W eig h t  o f  
t u h e  an d  
m a t e r i a l  
i n  f i e l d .

D i f f e r e n c e  
i n  w e i g h t .

P u l l  o n  
m a t e r i a l .

4 5 .5 6 0 6 5  g r s .  4 5 .5 4 6 5 2  g r s .  0 .0 1 4 5 1  g r s .  - 0.01072  g r s

4 5 .5 6 0 8 5

4 5 .5 6 0 8 4

4 5 .5 6 0 7 7

4 5 .5 4 6 4 4

4 5 .5 4 6 5 4

4 5 .5 4 6 4 1

0.01459

0 .0 1 4 5 0

0 .0 1 4 5 6

- 0 .0 1 0 8 0

- 0 .0 1 0 7 1

- 0 .0 1 0 7 7

W e ig h t  o f  a l l o y  

l e n g t h  o f  a l l o y

5 0 .4 4 5  g r s .  

7 .4 5  cms.

D ia m e te r  o f  a l l o y  = 0 .6 8  cms.

Mean p u l l  on  a l l o y  = - 0.01075  g r s .

-610 =  - 0 . 2 2 0
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m iM Am  OF RESÜITS

(1)
S u s c e p t i b i l i t y  -  c o m p o s i t i o n  c u r v e s  f o r  a  c o m p le te  

s e r i e s  o f  a l l o y s  o f  T1 -  B i  an d  T1 -  Cd r e s p e c t i v e l y  

h a v e  b e e n  p r o d u c e d .  The T1 -  B i  c u rv e  shows two 

w e l l  d e f i n e d  maxima a t  p o i n t s  c o r r e s p o n d i n g  to  

a l l o y s  c o n t a i n i n g  36 p e r  c e n t  a n d  71 p e r  c e n t  o f  

T1 r e s p e c t i v e l y .  T hese  c o m p o s i t i o n s  c o r r e s p o n d  

to  p o s s i b l e  compounds B i^ T l^  a n d  B ig T l^ .  The 

T1 -  Cd c u rv e  h a s  no o u t s t a n d i n g  f e a t u r e s .

( 2 ) The m a g n e t i c  s u s c e p t i b i l i t i e s  o f  m e t a l l i c  T h a l l iu m ,  

B ism u th  and  Cadmium h a v e  b e e n  r e d e t e r m i n e d ,  t a k i n g  

e v e r y  p r e c a u t i o n  a g a i n s t  c o n t a m i n a t i o n  by t r a c e s  o f  

I r o n ,  an d  t h e  f o l l o w i n g  v a l u e s  o b t a i n e d : -

n .  -0 .2 2 3 .  10'^

B i .  -1 .2 9 2 .  10"^

CcL. -0 .1 6 3 .  10"^

( 3 ) The a l l o y s  w e re  a n n e a le d  an d  r e m e a s u r e d  i n  vacuo

an d  s m a l l  c h a n g e s  i n  s u s c e p t i b i l i t y  o f  t h e  o r d e r



-59 -

o f  s l i g h t l y  l e s s  t i a n  p l u s  o r  m in u s  2 p e r  c e n t  i n  

t h e  c a s e  o f  B i  -  T1 an d  T1 -  Cd w e re  f o u n d .  I n

some c a s e s  no c h a n g e s  w e re  o b s e r v e d .

The e x c e p t i o n s  w ere  t h e  v a l u e s  f o r  p u r e  B is m u th  

an d  t h e  a l l o y  c o n t a i n i n g  9 2 .6 6  p e r  c e n t  B is m u th ,  

w h ic h  show ed a n  i n c r e a s e  i n  n e g a t i v e  s u s c e p t i b i l i t y  

o f  a p p r o x i m a t e l y  23 p e r  c e n t  a n d  14  p e r  c e n t  

r e s p e c t i v e l y .

( 4 ) A m e th o d  i s  d e s c r i b e d  f o r  t h e  e s t i m a t i o n  o f  T h a l l i u m  

i n  t h e  p r e s e n c e  o f  B ism u th  a n d  Cadmium.

( 5 ) E v id e n c e  i s  f u r n i s h e d  f o r  t h e  e x i s t e n c e  o f  T l_ B i_ ,
t> 5

a n d  t h e  e x i s t e n c e  o f  t h i s  i n t e r m e t a l l i c  compound 

i s  c o n f i r m e d  by  t h e  r e s u l t s  o f  o t h e r  w o r k e r s .



- 6 0 -

BISCUSSION OF RESULTS

( 1 ) B i  -  T1 s u s c e p t i b i l i t y  - c o n c e n t r a t i o n  c u r v e .

The m axim a o b s e r v e d  a t  p o i n t s  c o r r e s p o n d i n g  to  

c o n c e n t r a t i o n s  o f  36 p e r  c e n t  a n d  71 p e r  c e n t  T1 

r e s p e c t i v e l y  s u g g e s t  t h a t  t h e  com pounds B i ^ T l ^  a n d  

B ig T l^  a r e  p r e s e n t .

A s i m i l a r  c u r v e  h a s  p r e v i o u s l y  b e e n  o b t a i n e d
23

by M e d e n h a l l  a n d  L e n t ;  t h i s  g a v e  e v id e n c e  o f  t h e  

e x i s t e n c e  o f  i n t e r m e t a l l i c  com pounds o f  s i m i l a r  

c o m p o s i t i o n .

The f r e e z i n g  p o i n t  c u r v e  p r o d u c e d  by  H ey co c k  

a n d  R e v i l l e ^ ^  i n d i c a t e d  t h e  p r e s e n c e  o f  B i ^ T l ^ ,  an d  

t h i s  compound was i s o l a t e d  a s  a  s o f t ,  e a s i l y  

m a l l e a b l e  a l l o y  m e l t i n g  a t  211 . 7^ 0 . S i n c e  T h a l l i u m  

d o e s  n o t  n o r m a l l y  fo rm  com pounds i n  w h ic h  i t  i s  

d i v a l e n t ,  T l^ B ig  i s  p r o b a b l y  a  m i x t u r e  o f  T l^ B i  an d  

B i .  The f r e e z i n g  p o i n t  c u r v e s  i n d i c a t e  T l^ B i  w i t h  

a  t r a n s i t i o n  p o i n t  a t  9 0 ^ 0 .

O b s e r v a t i o n s  o f  K rem ann a n d  L o b i n g e r  o n  t h e  E .M .F . 

o f  c e l l s  w i t h  t h e s e  a l l o y s  a s  e l e c t r o d e s  a g r e e  w i t h  

t h e  e x i s t e n c e  o f  t h e  t r i  a n d  p e n t a  b i s m u t h i d e s .  

F u r t h e r  p r o o f  was f u r n i s h e d  by t h e  s t u d y  o f  T herm al
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E x p a n s io n  by  Omodei a n d  o f  t h e  T h e r m o - e l e c t r i c
27

p r o p e r t i e s  by  E. Van A u b e l .

The c u rv e  o b t a i n e d  f ro m  e l e c t r i c a l  c o n d u c t i v i t y
28m e a s u re m e n ts  by  G u e r t l e r  a n d  S c h u lz e  h a s  a  s h a r p l y  

d e f i n e d  minimum c o r r e s p o n d i n g  t o  t h e  compound B i ^ T l ^ ,  

b u t  t h e r e  i s  no i n d i c a t i o n  o f  T l ^ i .  A maximum 

o c c u r s  a t  a  c o n c e n t r a t i o n  o f  60 p e r  c e n t  T l ,  w h ic h  

s u g g e s t s  T lg B i ,  b u t  t h e r e  i s  no f u r t h e r  e v id e n c e  

f o r  t h e  e x i s t e n c e  o f  s u c h  a  compound.

The Cd -  T l s u s c e p t i b i l i t y  -  c o n c e n t r a t i o n  c u rv e  

show s no m a rk e d  i r r e g u l a r i t i e s ,  a n d  t h e  i n v e s t i g a t i o n  

o f  o t h e r  p r o p e r t i e s  f a i l s  to  i n d i c a t e  t h e  p r e s e n c e  o f  

i n t e r m e t a l l i c  com pounds. The f r e e z i n g  p o i n t  c u rv e  

h a s  a n  e n t e c t i c  p o i n t  a t  a  t e m p e r a t u r e  o f  a p p r o x i m a t e l y  

200^ C .a n d  a  c o n c e n t r a t i o n  o f  62 p e r  c e n t  Cd. The 

t h e r m a l  c o n d u c t i v i t y  c u r v e  p r o d u c e d  by  S m i th  h a s  no 

o u t s t a n d i n g  f e a t u r e s .

( 2 ) The s u s c e p t i b i l i t y  v a l u e s  f o r  T l ,  B i  a n d  Cd com pare  

w i t h  p r e v i o u s  d e t e r m i n a t i o n s  a s  f o l l o w s : -
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R e s u l t s  o b t a i n e d .

-6
Cd. - 0 . 1 6 3 .  10

20°C,

B i .  - 1 . 2 9 2 .  1 0 - 6
20 C

R e s u l t s  o f  o t h e r  w o r k e r s .

—0 . 1 8 . 1 0 "  6 H onda^^

- 0 . 1 8 . 1 0 - 6 50Owen

—0 . 1 6 . 10 "6
31

S h im iz u

—1 . 40 .

—1 #38#

“ 1 o » o . i
) H onda 
)
)

- 1 . 3 9 . 1 0 - 6 S h im iz u

T l .  - 0 . 2 2 3 .  10 -6
20"C .

- 0 . 2 3  f o r  T l Honda

The v a l u e s  o b t a i n e d  by  H onda a lw a y s  a l l o w e d  f o r  t h e  

p r e s e n c e  o f  s m a l l  q u a n t i t i e s  o f  I r o n ,  a n d  t h i s  

p r o b a b l y  a c c o u n t s  f o r  t h e  l a r g e r  n e g a t i v e  v a l u e .

The v a l u e  o b t a i n e d  f o r  Cadmium a g r e e s  w i t h  t h a t  

o b t a i n e d  by  S h im iz u .

The v a l u e  - 1 .292  f o r  B is m u th  i s  s m a l l  c o m p ared  

w i t h  th e  r e s u l t s  o b t a i n e d  b y  o t h e r  w o r k e r s .  

A n n e a l in g  i n  v a cu o  i n c r e a s e s  t h e  n e g a t i v e  v a l u e  t o  

- 1 . 3 2 0 ,  a n d  t h i s  i s  p r o b a b l y  due to  a n  a l t e r a t i o n  

i n  c r y s t a l  s t r u c t u r e .  A s i m i l a r  e f f e c t  was

o b s e r v e d  by  M e d e n h a l l  a n d  L e n t .
32
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The lo w  v a l u e s  o b t a i n e d  a r e  n o t  due to  t h e  

p r e s e n c e  o f  I r o n ,  a s  r e p e a t e d  t e s t s  f a i l e d  to  

i n d i c a t e  t h e  s m a l l e s t  t r a c e s  o f  t h a t  m e t a l .

( 3 ) The c h a n g e s  o b s e r v e d  i n  t h e  m a g n e t i c  s u s c e p t i b i l i t i e s  

o f  t h e  a l l o y s  a f t e r  a n n e a l i n g  i n  vacuo  a t  a  

t e m p e r a t u r e  s l i g h t l y  b e lo w  t h e i r  m e l t i n g  p o i n t  w e re  

f o u n d  to  b e  w i t h i n  t h e  l i m i t s  o f  e x p e r i m e n t a l  e r r o r .

T h is  d o e s  n o t  c o n f i r m  t h e  r e s u l t s  o f  Y. S h im iz u  

who s t a t e s  t h a t  s i m i l a r  t r e a t m e n t  o f  t h e  s y s te m s  

G o ld  -  S i l v e r ,  G o ld  -  C o p p e r ,  B is m u th  -  T in ,  B is m u th  

L e a d ,  A n tim ony  -  L e a d ,  a n d  B is m u th  -  T e l l u r i u m  

r e s u l t e d  i n  a  m ark e d  i n c r e a s e  i n  n e g a t i v e  s u s c e p t i 

b i l i t y .  He t h e r e f o r e  c l a im s  t h a t  t h e  i r r e g u l a r  

c u r v e s  o b t a i n e d  by  S p e n c e r  a n d  J o h n  a n d  H. E ndo^^  

a r e  due to  t h e  p r e s e n c e  i n  t h e  a l l o y s  o f  a b s o r b e d  

g a s e s .

F u r t h e r  p r o o f  o f  t h e  e x i s t e n c e  o f  t h e  compounds 

o f  B is m u th  a n d  T h a l l i u m  i n d i c a t e d  by  t h e  s u s c e p t i -  

b i l i t y - c o n c e n t r a t i o n  c u r v e s  i s  f u r n i s h e d  by  t h e  

e x a m i n a t i o n  o f  o t h e r  p h y s i c a l  p r o p e r t i e s ,  a n d  h a s  

b e e n  d i s c u s s e d  p r e v i o u s l y .

( 4 ) The m e th o d  d e s c r i b e d  f o r  t h e  e s t i m a t i o n  o f  T h a l l i u m  

i n  t h e  p r e s e n c e  o f  Cadmium a n d  B ism u th  r e s p e c t i v e l y  

g a v e  v e i y  s a t i s f a c t o r y  r e s u l t s .  C o m p le te



- 6 4 -

p r e c i p i t a t i o n  o f  Cadmium a n d  B i s m u th  was a c h i e v e d ,  a n d  

a n  a c c u r a t e  e s t i m a t i o n  o f  t h e  T h a l l i u m  c o n t e n t  w as 

p o s s i b l e .

•oOo
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